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REVISER'S NOTE TO THIRD EDITION. 



Although the time available for the preparation of the present 
Yolame was brief in proportion to the task, it was so much greater 
than that allotted to Volume I that, as will be noted, a much more 
extensive revision has been accomplished. It has still been impracti- 
cable to submit manuscript or proof-sheets to Mr. Allen, but an 
extended correspondence has secured his co-operation in many respects, 
and he has forwarded a large amount of manuscript notes, clippings, 
and references which have been utilised. 

It will be noted that the plan of distinguishing the added matter by 
the use of a smaller type, which was employed in Volume I, has 
been followed but rarely in this volume. This is because the revision, 
has been such as to involve every page and nearly every paragraph ; 
to indicate the new matter would bring about such a mixture of differ- 
ent types as would confuse the work. It must, therefore, be under- 
stood that the American. reviser is responsible for all omissions and for 
all errors in fact or form. In justice to Mr. Allen, it must be remem- 
bered that his control of the work has been at long range, and he has 
been unable to add to it the innumerable hints and items of advice 
which his large practical experience and wide familiarity with the 
literature of the subjects would have suggested if the book had been 
preparing under his direct supervision. It is believed, however, that 
the work does not misrepresent him in any important particular. In 
deference to his publicly expressed disapproval of the spelling advised 
by the American Association for the Advancement of Science, it has 
not been adopted, and any instances are accidental. 

The preparation of the revision would have been much delayed if 
the reviser had not been aided by his friend and colleague. Dr. William 
Beam> who has devoted the greater portion of several months to the 
selection and arrangement of the data. The results of Dr. Beam's 
faithful and intelligent labors are seen in every part of the work. 

It is not wise, perhaps, to make an excuse in a preface, but it seems 
not improper to call attention again to the fact that the hasty revision 

V 
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of these volumes has been rendered necessary by the danger of the 
unauthorised reprinting of them — an act. which wouid misrepresent the 
author and infringe upon his rights. 

By Mr. Allen's advice, the matter originally in Volume II has been 
distributed into two parts. Part Second, which is now in process of 
revision, will include the hydrocarbons and immediate derivatives. 
The chapter on the terpencs and closely related bodies will be largely 
revised. by Mr. Allen, and will necessarily be extensive, since great 
progress has been made of recent 'years in this department of organic 
chemistry. 

Among the important additions to the present volume are: — ^The 
bromine thermal method, methods for determination of glycerol, 
acetyl number, various tests for oxidation of oils, composition and 
official methods for examination of dynamites and smokeless powders* 
d^gras, and cloth oils. The tables on pages 91 to 102 were furnished 
by Mr. Allen. 



PREFACE TO SECOND EDITION. 



I fe€l that I cannot allow this volume to appear without a few 
words of apology, explanation, and thanks. 

My Apology is due to those who, misled by promises which I hacT 
every expectation of being able to keep, have been long expecting the 
appearance of this volume. 

My Explanation of the delay in its publication is that, although 
nominally merely a new edition, the subject-matter has been rearranged 
and more than doubled in amount ; and that not only by the incor- 
poration of matter published since the appearance of the last edition, 
but also by the addition of the results of original experiments when- 
ever the information on a particular subject appeared to be insufficient 
or of doubtful accuracy. In some cases these investigations have 
been progressing during the passage of the book through the press. 
A further cause of delay has been that I have discovered the maxi- 
mum limit of my strength. 

My Thanks are due to those chemists who have given roe the 
benefit of their special experience' in certain kinds of work, and by 
whose assis&ince some of the more important articles have acquired an 
almost exhaustive character. The names of those to whom I am 
indebted in this way are duly mentioned in connection with the sections 
in the revision of which they have assisted. My thanks are also due 
t<t those members of my staff who have conducted many of the experi- 
ments already referred to, and who have shown great zeal and often 
made valuable suggestions. 

The arrangement of the subject-matter in numbered paragraphs has 
been abandoned as valueless. In the chapter on Fixed Oils and 
Fats the specific gravities of bodies lighter than water are compared 
with water taken as 1000, in accordance with a widely-extended cus- 
tom ; but I have not realised any advantage from this mode of expres- 
sion, and hence in the subsequent chapters the densities are compared 
with water taken as unity. 

The growth of the subject-matter has compelled roe to omit the 

vii 
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chapters on the Aromatic Acids and Tannins, They will form part 
of the Third and concluding Volume of the work^ together with chap- 
ters on Coloring Matters, Cyanogen Compounds, Organic Bases, 
Albuminoids, &c« Much of the matter for this volume is already 
written. 

Alfred H. Allen. 

Shefvield, Odobtr^ 1886. 
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FIXED OILS, FATS, AND WAXES. 



Under the names of fixed oils, fatty oils, fats, and waxes is classed 
a number of bodies occurring iif animal and vegetable substances. 

The term fixed or fatty oil is generally used for such members of 
the group as remain liquid at ordinary temperatures. Those haying 
this character contain a relatively large proportion of olein or other 
fusible bodies, but beyond this thereisno absolute distinction between 
fixed oils and fats. 

The waxes possess, well-defined physical characters, and exhibit 
difierences in chemical composition which distinguish them pretty 
sharply from the true fats. They are in many respects closely re- 
lated to these, and are conveniently described in the same division. 

The following are the general properties characterising the true fats 
and fixed oils : — 

1. When pure, they are mostly colorless or of a pale yellow color. 
Impure and commercial oils vary in color from light yellow to red, 
and even to brown and black. Many vegetable oils have a distinct 
shade of green from the presence of chlorophyl, and show absorption- 
spectra, which is never the case with oils of .animal origin. 

2. Their smell and taste are often peculiar, and are characteristic of 
their origin. As these characters become less perceptible the more 
completely the oil is purified, they may be due to the presence of as- 
sociated and difficultly removable foreign matters, rather than to the 
constituents of the oil. 

3. They are more or less unctuous, and if dropped in a liquid con- 
dition on paper they leave a permanent grease- spot, unless they are 
crystalline and hard enough to be rubbed off. 

4. They are not fluorescent and, as a rule, have no rotatory action 
on a ray of polarised light. Castor oil is sometimes optically active. 

5. The specific gravity is less than that of water, varying between 
the limits of 875 and 970 ; but if certain anomalous oils from marine 
animals be excluded, the lowest density is aboul 912 at a temperature 
of 15^ C. In the fluid state, at the temperature of boiling water, the 
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18 FIXED OILS AND FATS. 

densities range from 850 to about 910. The waxes and allied bodies 
are, when molten, still lighter, their density ranging from 808 to 845. 

6. The fusing or melting points vary within wide limits, and are 
liable to modification in an obscure manner by special treatment 

7. They are practically insoluble in water, but dissolve somewhat in 
absolute alcohol or strong spirit, especially when hot, and are readily 
soluble in ether, chloroform, carbon disulphide, benzene, petroleum 
spirit, turpentine, and other volatile solvents. They are readily misci- 
ble with one another. 

8. The fixed oils and fats are composed of carbon, hydrogen, and 
oxygen, any nitrogen or sulphur existing in particular specimens 
being due to the presence of foreign matters. The chemical constitu*' 
tion is discussed in a separate section.. 

9. They are not inflammable at the ordinary temperature, but may 
be burnt by means of a wick. They are not capable of being dis- 
tilled without decomposition. When heated alone they darken and 
evolve acrid offensive vapors; and when further heated to about 
315*^ C. (600*^ F.) carbon dioxide is evolved, together with peculiarly 
irritating vapors of acrolein, CjHiO, various volatile organic acids, 
and gaseous, liquid, and solid hydrocarbons. The temperature at 
which these decompositions occur has been improperly called the 
"boiling point" of the oil, the phenomenon of apparent ebullition 
being really due to the escape of the gases formed by the decomposi- 
tion. When caused to pass slowly through a red-hot tube they-are 
almost wholly decomposed into volatile products, consisting of carbon 
monoxide and hydrocarbons. 

10. On distillation with superheated steam, they suffer a simpler 
decomposition, with formation of glycerol and fatty acids. This 
change may also be effected by acting on them with sulphuric acid 
or a strong base. The reaction is known as " saponification," and is 
discussed at length in another section. 

11. If air be excluded, the fixed oils may be preserved unchanged 
for a lengthened period, but, on exposure to air, many of them thicken 
with absorption of oxygen, and are ultimately converted (if exposed 
in sufficiently thin layers) into a yellowish, transparent skin or var« 
nish.' Such oils (e.g»f linseed, walnut, hempseed, and poppy-seed 
oils) are called drying oils. 

12. The non -drying oils behave in a different manner on exposure 

^ Under certain conditions, as when cotton-waste, shoddy, or hemp is moistened with 
oil and exposed to the air, the oxidation of the oil becomes so energetic as to lead to con- 
siderable elevation of temperature, and e?en actual inflammation. 
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to air. Wheo absolotely free from foreign matter most of them 
remain unchanged, but commercial epecimens gradually turn raneid, 
that is, lose their color (and to a certain extent their fluidity), and 
acquire an acrid, disagreeable taste, and acid reaction to litmus paper. 
This alteration is due to the presence of foreign matters, such as the 
cellular substance of the animal or plant from which the oil was 
extracted. These bodies furnish nourishment for microbes which set 
free fatty acids, besides producing small quantities of volatile acids 
(e.^., butyric, valeric, caproic) of strong odor. By agitating such 
rancid oil with hot water, and subsequently treating it with a cold and 
-dilute solution of sodium carbonate, the products of decomposition 
may often be removed and the fat restored to its original state. 



EXTRACTION AND PURIFICATION OP FIXED 
OILS AND FATS. 

For the extraction of oils and fats from animal tissues it is often 
sufficient to allow the substance (e.^., cod-liver) to become somewhat 
putrid, when some of the oil drains from it, or may be obtainable by 
alight pressure. A further quantity can be extracted by warming or 
boiling the tissue with water, as is done with blubber. In the case of 
lard and tallow it is merely necessary to heat the substance alone, and 
Btrain the melted fat away from the membranous matter. From 
compact tissue, such as bone, the whole of the fat can be extracted 
by a solvent only. 

The extraction of the fat or oil from vegetable tissues may be 
effected by boiling the crushed substance with water, or by subjecting 
it to powerful pressure, either at the ordinary temperature or between 
plates heated to a little beyond the fusing point of the fat. The prod- 
uct obtained in the last manner will usually contain more "stearin " 
or solid fat than the *' cold-drawn " oil. In either case a certain 
quantity of the fat is mechanically retained by the tissues, and hence 
a larger yield can be obtained by the use of carbon disulphide or 
petroleum spirit, which, on being distilled off, leaves the fat behind. 

The proportion of oil or fat yielded by tmj particular material 
depends on many conditions. According to Vohl, the average per- 
centage of oil extracted by solvents from linseed is 27; from hemp- 
seed, 26; from poppy-seed, 49; from walnuts, 50; and from almonds, 
52 per cent. According to Voelcker, the proportion of oil in liuseed 
Taries from 31 to 38 per cent., the linseed cake containing from a 
little nnder 10 up to nearly 16 per cent ; while the oil in cottonseed 
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cake varies from 6 per cent, in the undecorticated to 16 per cent in 
the decorticated. Cacao-nibs contain on the average about 50 per 
cent, of fat. Oils obtained by the use of solvents are more likely ta 
contain impurities than those obtained by pressure. 

Determination of Oils and Pats. 

In the laboratory, the determination of the oil in solid animal 
and vegetable matters is effected by treating the finely-divided and 
previously dried substance ^ with a suitable solvent under such condi- 
tions as to ensure complete extraction. Carbon disulpfaide or petro- 
leum spirit may be employed for the purpose, but in the author's 
experience ether is more satisfactory, both from point of view of the 
health of the operator and the danger resulting from fire, due to 
breakage of the apparatus or other cause. 

The exhatution of seeds, bones, shoddy, oil-cakes, milk-residues, &c.» 
may be effected by simply digesting the substance with the solvent at 
the ordinary temperature, with frequent agitation, in a closed flask. 
After some hours, the flask should be opened, placed 
in hot water, and the solvent thus raised to its boiling 
point. The liquid is then filtered into a weighed 
flask, and the residue washed with the solvent The 
solution is subsequently evaporated or distilled by 
steam heat, and the residual oil weighed. 

The foregoing method is unsatisfactory, as it re- 
quires a cdnsiderable quantity of the solvent, of 
which a notable proportion is likely to be lost. 
Hence an apparatus which will act automatically, 
and allow of complete exhaustion of the substance 
by a limited quantity of the solvent, possesses great 
advantages. 

Por this purpose, no better apparatus has been 
devised than that due to Soxhlet (fig. 1). The sub- 
stance to be exhausted of oil is enclosed in a plaited 
filter or cylinder of filter paper ; or if it be coarse, it 
is sufiScient to place it loose in a large test-tube hav- 
ing an aperture at the bottom closed by a plug of 
glass-wool. 
Thus arranged, the tube or filter with its contents 
is placed in a Soxhlet-tubci having a little glass-wool at the bottom, 

* In the case of Unseed and other substanoes oontaining drying oils, the deBiocation must 
either be omitted or eondacted in an atmosphere o£ hydrogen or ooaUgas. 
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and adapted by means of a cork to a flask containing the solvent. A 
vertical condenser is adapted to the upper end of the Soxhlet's tube, 
and the solvent kept boiling by a suitable source of heat. In the 
case of petroleum spirit, ether, or other volatile and inflammable sol- 
vent, this should be a tin vessel of water kept hot by a small flame. 
As the solvent boils it is condensed and falls on the substance to be 
extracted, remaining in contact with it until both the inner and outer 
tubes are filled to the level of the siphon, when the solution passes off 
into the flask, to be redistilled and recondensed, and so on until the 
process is judged to be complete. With a proper arrangement of the 
source of heat, the extraction goes on regularly and automatically. 
On changing the flask and replacing the inner tube by one con- 
taining a fresh sample, the apparatus is ready to be used for another 
extraction. 

A very simple and convenient form of exhauster, adapted either 
for extraction or repercolation, has been described by Dunstan and 
Short {Pharm. Jour,, [3] xiii. 664). It consists of two glass tubes, 
the wider of which is drawn out at one end. The narrower and some- 
what shorter tube fits into the outer one with much margin, and is 
also drawn out in such a way as to allow the end to protrude from 
the drawn-out end of the wider tube when the smaller* is inserted 
therein. At the point where the outer tube commences to contract it 
is indented on opposite sides, by which means two ledges are formed 
within the tube, which serve as supports for the narrower tube.^ The 
inner tube serves to contain the substance to be exhausted. The 
lower drawn-out end of the wider tube is fitted by a cork to the flask 
containing the volatile solvent, while the upper end is connected with 
a condensing arrangement. 

J. West-Knights has described (Analyst, viii. 65) a form of ex- 
hauster which may be conveniently used when the quantity of material 
to be extracted is somewhat small (fig. 2). A percolator is made by 
cutting off* the bottom from a test-tube of suitable size, and blowing a 
hole or two (A A) in the side of the tube about an inch from the top. 
A disk of filter paper or fine cambric (B) is tied over the lower end 
of the tube. The substance to be extracted is placed in the tube, and 
kept in its place by some glass-wool or a perforated disc of metal, and 
the tube with its contents then fixed by a cork to the lower end of the 
tube of a vertical condenser (C). This is adapted by a larger cork 
(D) to the neck of an ordinary flask containing the volatile solvent, 

' The indentAtions are made by pressing each side of the tube when red-hot with a pair 
•f eracible-toDga. 
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oa heating which the vapor passes through the holes in the side of the 
test-tube up into the tube of the condeDser, where it is liquefied. The 
condensed liquid drops back into the test-tube, percolates through the 

substance' to be extracted, and falls to the 
bottom of the flask, to be again volatilised. 
As the percolator is inside the flask, its con- 
tents are kept constantly at the boiling 
point of the solvent, and, the action being 
continuous and automatic, very rapid ex- 
haustion may be effected. 

Other forms of exhauster have been con- 
trived by Church, Drechsel, Angell, Thorns^ 
Thresh (^Pharm. Jour, [3] xv. 281), and 
others, but those already described will 
be found sufficient for all purposes (see 
vol. i). 

To recover the oil from its solution in the 
ether, or other liquid employed, the solvent 
should be distilled off at a steam-heat, and 
the last traces of it removed by placing the 
flask on its side and heating it in the water- 
oven until constant in weight. In some cases 
the coD^plete removal of the solvent* is best 
effected by blowing a gentle stream of air, 
previously filtered through cotton-wool, through the flask while it is 
maintained at a temperature of 100^ C. 

In the case of liquida containing oil in the form of emulsion, a 
separation can often be effected by agitation with ether. The extrac- 
tion of the fat from milk can be effected in this manner if the liquid 
be previously made slightly alkaline. 

For methods especially adapted to the determination of fat in milk, 
see volume iv. 
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Purification of Oils. 

The refining or purification of fixed oils is effected in various ways, 
according to their origin and the impurities it is desired to remove. 
The following is an outline of the methods of most general applica- 
tion. They may be modified in detail, or combined in a manner 
suited to any special case. 

Action of Light. — Simple exposure of a fixed oil to light for a 
period varying from a few days to as many months will often effect a 
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remarkable improvement. Linseed and seal oils afford good examples 
of the success of this treatment. 

Action of Heat. — By rapidly heating palm oil to about 240** C. 
(464^ F.), and maintaining it at that temperature for ten minutes, 
^t is very effectually bleached, and the same is the case if poppy oil be 
kept at 90^ to 95^ C. for four or five hours. The same treatment can 
be advantageously employed in other cases. 

Filtration. — Some oils are .greatly improved by treatment with 
animal or wood charcoal. Kaolin, steatite, plaster of paris, and 
other substances may often be employed with advantages to effect a 
semi-mechanical clarification. After such treatment the oil usually 
requires filtration through canvas bags, which also serves to separate 
spermaceti, stearin, &c., deposited by cooling the oil. Clay is now 
very largely used for the clarification of oils. 

Washing with Water. — A very general method of purification 
consists in"" agitating the oil with water. This is oft;en conveniently 
effected by driving in steam through a false bottom or perforated pipe. 
This treatment can be combined or alternated with any of the others, 
and, if desired, chemical reagents can be added to the water. 

Treatment with Acids. — A method of very general applicability, 
and one M[hich, when carefully conducted, is remarkably efficacious, 
consists in violently agitating the oil, previously heated to about 40^ 
C, if necessary, with from one to two per cent, of concentrated sul- 
phuric acid, which attacks and chars the impurities without materially 
affecting the oil. The acid is then allowed to settle, and the superna* 
tant oil well washed with water; or steam is blown into the- mixture 
for a short time, and the acid water allowed to separate from the oil. 
For 100 gallons of oil, about 10 lbs. of sulphuric acid are usually 
required, diluted with an equal bulk of water. In some cases hydro* 
chloric acid is substituted for sulphuric. Treatment with acid is very 
suitable as a means of refining most seed oils (e. g,, rape and linseed 
oils), and greatly improves some of the fish oils, but the refined product 
is apt to contain traces of unremoved mineral acid, and an undesira- 
ble proportion of free fatty acids. These impurities are of no disad- 
vantage if the oil is to be employed for soap- making, but acquire 
importance if it is to be used for burning or lubrication. Treatment 
with sulphuric or hydrochloric acid also serves to remove the lime 
which is present in bone-fat 

Treatment with Alkalies. — Cottonseed oil^ olive oil, sperm oil, 
and some others, are advantageously purified by treatment with a 
solution of caustic soda, •the quantity of which must be regulated 
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according to the proportion of free fatty acids and impurities present 
in the oil. Cottonseed oil contains a notable proportion of a resinous 
matter which produces a fine blue color with the alkali. The oil loses 
considerably in refining, and the proportion of alkali used should be 
regulated according to the indications of a preliminary laboratory 
trial. A specific gravity of MO is a suitable strength for the ley. 
Cottonseed oil expressed in England from decorticated seed often con- 
tains so large a proportion of free acid that purification with alkali 
becomes practically impossible.^ 

Ammonia, sodium carbonate, magnesium carbonate, or milk of lime 
may sometimes be used with advantage to remove acids from oils. 
The use of alkali instead of acid for purification is to be preferred in 
the case of oils intended for uBe as lubricants or for cooking. The 
refined cottonseed oil now extensively used for cooking, &c., is re- 
markably free from acid. 

Treatment with Oxidising Agents. — A remarkably effective 
means of clarifying certain /^A oi/!9 consists in beating the liquid by 
means of steam to a temperature approaching the boiling point of 
water, and then blowing a current of air of a similar temperature 
through the liquid. The treatment must be cautiously conducted, or 
the rise of temperature may be so great as to cause a notable change 
in the density and viscosity of the oil, such as occurs purposely in the 
manufacture of " oxidised " or " blown oil." 

Another very efficient oxidising agent, especially suitable for the 
treatment of palm oil, is chromic acid, as produced by the reaction of 
potassium dichromate with a suitable amount of sulphuric or hydro- 
chloric acid. The oil is melted, strained if necessary, and then agi- 
tated at about 50*^ C. with about 1 per cent of potassium dichromate 
previously dissolved in water. To this is added sufficient acid to react 
with the salt to form potassium and chromic chlorides or sulphates, a 
slight excess of acid being rather advantageous than otherwise. 
Some oils, when treated in this manner, retain chromium compounds 
with remarkable persistency. 

Treatment with Reducing Agents. — In the case of linseed and 
otJier drying oils, exposure to light in contact with a deoxidising agent 
affords a very efilicient means of clarification. Strips of metallic lead 
may be employed, or finely-divided precipitated lead, as recommended 
by Livache. A strong solution of ferrous sulphate also answers the 

^ The writer found a sample of oil from decorticated cottonseed expressed in Liverpool 
to require 14'1 per oent. of KHO to neutralije the free aoid. This corresponded to 70*5 
per cent, of free acid calculated as oleic. 
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purpose, especially if assisted by exposure of the oil to light for 
some weeks, and accompauied with frequent agitation. 

Tbeatmekt wfTH Prbcipitants. — Fiah oUa and some others are 
greatly improved by violently agitating them with a hot solution of 
oak-bark or other tannin'matter. Steam and air can be blown in at 
the same time. After deposition, the dear oil should be treated with a 
solution of lead or aluminium acetate, to remove any excess of 
tannin, and is afterwards dried by treatment with plaster of paris. 
Other metallic solutions or reagents forming insoluble compounds 
with gelatin or albumin, may be employed with advantage in certain 
cases. 

PuBiFiCATiON BT PRESSURE. — ^This skctch of the principal 
methods of refining oils would not be complete without a reference to 
the widely applied use of hydraulic pressure for separating the solid 
from the liquid constituents of oils. The solid fats thus separated are 
commercially known as "stearin," though they are frequently far 
from approximating to the pure ester of stearic acid. Similarly, 
the liquid expressed oils are conveniently termed '' oleins," though of 
very complex composition. The following are some of the chief in- 
stances in which commercial fats and oils are separated by pressure 
into solid and liquid portions : — 



OriginaiOU, 


Liquid Produei. 


Solid Product. 


Olive oil. 


Purified olive oil. 


Olive oil stearin. 


Cottooaeedoil. 


Purified cotton oil. 


Oottoti oil stearin 


Goconnt oiL 


CkKSonnt oleio. 


CkKSonnt stearin. 


TaUow. 


TalloV oil. 


Tkllow stearin. 


Lard. 


Lard oil. 


Lard stearin. 


Whale oil. 


Purified whale oil. 


Whale stearin. 


Sperm oil. 


Purified sperm oil. 


Spermaceti. 



PHYSICAL PROPERTIES OF FIXED OILS AND 
FATS. 

The general characters of the fixed oils have already been described. 
Some of their physical properties are of importance for their recogni- 
tion and determination, this being especially true of their density, 
melting and solidifying points, absorption-spectra, viscosity, and be- 
havior with solvents. These characters, and the methods of observ- 
ing them, are described in detail in the following sections. 

Determinations of the refractive indices and electrical conduc- 
tivities have been also proposed as methods of difierentiating oils. 
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Cohesion- Figures of Oils. 

The sarface-teoBion of oils is a property which io certain cases is 
capable of useful application, though its value has been much exag- 
gerated. To obtain the cohesion-figures which depend on the surface- 
fusion, it is necessary to allow a drop of the oil to fall gently on the 
surface of still water contained in a flat evaporating-basin or soup- 
plate. In order to ensure success, and to obtain bold, well-defined 
figures, it is necessary that the vessel containing the water should be 
chemically clean ; that the surface of the water should also be clean 
and free from organic matter; that the temperature should not be 
below 15^ C. ,* and that the surface of the water should not be too 
limited. The time required to produce the characteristic figures should 
be carefully noted. 

• When a drop of olive oil is placed on the water, it slowly spreads out 
into the shape of a large disk with slightly recurved edges. The co- 
hesion of the oil, however, soon causes the disk to contract, the edges 
first testifying the return of the cohesive force ; a number of little 
spaces begin to appear round the edges, causing them to resemble a 
chaplet of beads. The spaces between the beads soon open out, and 
the edges become toothed, the detached portions in some parts reunit- 
ing themselves to the main sheet of oil, enclosing polygonal spaces 
bounded by fine beads and covered with an excessively fine dew of 
oil, which it requires a sharp eye to detect This succession of changes 
occurs in about thirty-five seconds. 

Oil ofaeiame^ treated in the same manner, b^ins by forming a well- 
defined sheet Contraction soon takes place, the final figure being 
a central spot with distinctly marked rays, between which other 
smaller rayed spots appear, the whole recalling the aspect of a spider's 
web loaded with dew. The phenomenon is complete in about sixty 
seconds. 

Mixtures of olive with sesame oil give figures approaching more or 
less to the typical, according as one or the other is in excess* Other 
oils also give more or less characteristic cohesion-figures. 

Absorption- Spectra of Oils. 

The absorption-spectra of the fixed oils occasionally afford valuable 
indications of their purity. For observing them a micro-spectroscope 
may be used, but in many cases the light must be caused to pass 
through several inches of the oil to be examined. Although some 
vegetable oils give exceedingly striking absorption-bands, the position 



PIXED OILS AND-PATB. 27 

of these is not capable of employment for their discrimination in many 
cases, as the absorption is not a property of the oils themselves, but of 
the chlorophy] and impurities contained in them. Hence the purifi- 
cation or clarification of an oil tends seriously to reduce the character- 
istic nature of the absorption-bands, which, indeed, may disappear 
altogether if the oil be long exposed to sunlight. In one particular, 
however, the absorption spectrum furnishes important information. 
Thus, no oils of animal origin give definite absorption -bands, the spec- 
trum being merely obscured at the more refrangible end, whilst in . 
many vegetable oils the absorption-bands of chlorophyl are exceed- 
ingly well marked, especially a band having about the same refrangi- 
bility as the Fraunhofer line B. By applying this fact it is easy to 
detect the presence of rape, olive, or linseed oil in sperm, cod, or lard 
oil. Castor and almond oil, on the other hand, give no well-defined 
bands, and the band at B in the case of sesame oil is faint, though 
there is strongly marked absorption of the whole of the red nearly 
up to that point.' 

Viscosity of Oils. 

A useful physical test for oils is based on their relative " body " or 
viscosity, a property which may be regarded as the converse of fluidity. 
The viscosity is usually compared with that of rape oil, but it may also 
be referred to water or glycerol as a standard. 

The viscosity of an oil is determined by ascertaining the time a cer- 
tain weight or roeabure takes to flow through a given aperture, but the 
results obtained vary not inconsiderably with the construction of the 
apparatus employed. The subject is fully discussed ia the section on 
the " Examination of Lubricating Oils." 

' Tb« abflorption-ipectm of fixed oils of Tegetable origin have been investigated b^ 
Doamer and Tbibant (Cbrp«*(7ra« IndMtneU), who classify them in the following 
manner : — 

a. Oils exhibiting no absorption-spectrum ; — sweet almonds, bitter almonds, castor. 

b. Oils which absorb all rays of greater refrangibiUty than the green, but the spectra of 
which show no absorfTtion lines; — oolsa, rape, mustard, and linseed. 

e. Oils showing the absorption-Apectrum of chlorophyl : — olive, hempseed. 

d. Oils, the (photographic) spectrum of which shows three broad bands in the more 
refrangible part, which bands are exactly in the position of the corresponding absdrption> 
bands of chlorophyl; but the less refrangible bands characteristic of chlorophyl are 
wanting; — sesame, arachis, poppy, rape. 

These observations were made on the freshly expressed oils. They are not entirely in 
agreement with the statements made in the text, and it is evident that their practical 
value is seriously reduced by the change likely to be produced in the spectra by keepings 
and by the different processes of refining which may have been employed. 
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Specific Gravity of Fats and Fixed Oils. 

The density of the fixed oils and fats is a property largely dependent 
on their constitution, and hence is more or less characteristic of each 
particular oil. As a rule, the specific gravity of difierent samples of 
the same kind of oil varies within very narrow limits, but it is liable 
to be afiected by the treatment to which the oil may have been sub- 
jected in the process of refining, the presence of free fatty acids, the 
age of the oil and the amount of oxidation it has undergone, and by 
other circumstances. 

The specific gravity of fixed oils may be ascertained by the usual 
methods, but great care is necessary. Owing to the high coefficient 
of expansion of oils the temperature at which the observation 
is made should be carefully noted, and in accurate determinations 
the thermometer employed should be an instrument the indications of 
l?bich have been verified. 

When a sufficient quantity of the sample is available, and results of 
extreme accuracy are not required, the determination of the density 
can be made very readily and satisfactorily by means of an accurate 
and delicate hydrometer. In any observations, save those of the 
roughest kind, the oil should be brought accurately to the standard 
temperature by immersing the hydrometer-glass in water, cooled, if 
necessary, to 15*5^ C. (60^ F.) by dissolving in it sodium thiosulr 
phate (hyposulphite) or ammonium nitrate. The hydrometer should 
be immersed in the oil for five or ten minutes, and the temperature 
again observed before taking a reading of the density, as the use of a 
warm hydrometer may cause an increase of several degrees in the tem- 
perature of the oil. Of course, in taking the density by a hydrometer, 
the accuracy of the instrument employed is presupposed, but many of 
the instruments sold are inaccurate to the extent of several degrees. 

The specific gravity bottle and Sprengel-tube (see vol. i) may also 
be employed for ascertaining the densities of oils, and allow of more 
accurate determinations than can possibly be made with a hydrometer. 
The weight of distilled water which fills the bottle or tube at a tem- 
perature of Id-d"" C. (60"" F.) is usually (at least in England) taken 
as the unit of comparison in stating the density of fixed oils.^ 

As many of the fixed oils are solid or semi-solid at the ordinary 
temperature, their densities are not directly comparable with those of 
the fluid oils. This difficulty may be obviated by observing the spe- 

^ Oil merchants frequently use a bydromSter on which water is marked 0^ and rape 
oU 280. 
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cific gravity in a molten state at some higher temperature. This is 
done by Bell and Muter at 100° F. (37-8° C.)/ but C. Estcourt has 
recommended that the determination be made at the (boiling point of 
water. This may be done with a hydrometer or balance, if the cylin- 
der containing the oil be kept for a sufficient time in boiling water 
before the reading is taken. A specific gravity bottle is less convenient, 
but with the Sprengel-tube high accuracy may be obtained. Tbd 
weight of the Sprengel-tube and that of water contained at 16*5° C. 
being known, the tube should be completely filled with the oil, by 
immersing one of the orifices in the liquid and sucking at the other 





Fio. 8. 
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1 Br. Mtiter gires the following figures for '' actoal deDsities" at 100° F. of yarious oilf, 
water at th^tamt temperature being taken as 1000* — 



Oliye oil, 907'0 

Almond oil, 905*6 

Araobis oil 908*5 

Rape oil, 906*7 

Not oil, 90S'4 

Cottonseed oil (brown) 917*6 

Cottonseed oil (refined), 913*6 

Poppyseed oil, 915*4 

Hempseed oil, 919*3 

Linseed oU (raw), 925*2 



Linseed oU (boiled) 938*0 

Castor oil, 955*8 

Sperm oil, 872*4 

Whale oil, 906*0 

Seal oil, 915*0 

Codliver oil 917*9 

Lard oil, 907*8 

Neatsfoot oil, 907*0 

Margarine, 903* to 906*0 

Butter-fat, , .912* to 914*0 



These figures in most cases differ by 9 to 11 degrees from those expressing the densities 
Of the same oils at 60o F. (15*5o C). 
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The tube is placed in a conical flask containiDg water which is kept 
actively boiling, a porcelain crucible-cover being placed over the 
mouth of the flask. The oil expands and drops from the orifices. 
When this ceases, the oil adhering to the outside is removed by the 
cautious use of filter paper, the tube removed, wiped dry, cooled, and 
weighed. The weight of the contents divided by the weight of water 
contained at 15*5^ will give the specific gravity at 100^ C. compared 
with water at 15'5^ C. When the amount of material is sufficient, the 
determination may be made by use of the plummet, the use of which 
leaves nothing to be desired on the score of rapidity, accuracy, or ease 
of manipulation. In taking densities by the plummet at the boiling 
point of water, it is desirable to employ a cylindrical bath of metal 
(fig. 4), the top of which is perforated by two orifices. One of these 
is fitted with an upright tube, which serves to convey the steam away 
from the neighborhood of the balance, while into the other a test-tube, 
6 inches in length and 1 inch in diameter, fits tightly, the joint being 
made perfect by a ring of cork or india-rubber. The test-tube is 
filled with the oil, the density of which is to be ascertained, and the 
plummet immersed in it. The water in the outer vessel is then kept 
in constant ebullition, until a thermometer, with which the oil is re- 
peatedly stirred, indicates a constant temperature, when the plummet 
is attached to the lever of the balance, and counterpoised in the usual 
way. (See also vol. i for improved methods of determining specific 
gravity.) 

Hager has described an ingenious method of ascertaining the specific 
gravity of solid fats at the ordinary temperature. The fat is melted 
and drawn up into a pipette, from which it is allowed to drop slowly 
from the height of an inch into cold alcohol contained in a flat- 
bottomed dish, care being taken that each drop of fat falls in adiflerent 
place. An alternative plan is to melt the fat in a small lipped cap- 
sule and allow drops of it to fall on a plate of glass which has been 
previously wiped with a wet cloth. On placing the glass in cold water 
the drops usually become detached on the slightest touch, but if neces- 
sary can be removed with a knife after half an hour. The fat-globules 
obtained by one of the above methods are removed to a beaker con- 
taining dilute alcohol. The density of the liquid is then adjusted by 
addition of alcohol or water, till, after careful stirring, the fat-globules 
remain in equilibrium in any part of the liquid at a temperature of 
15*5° C. Ammonia may be substituted for the spirit if preferred. 
The density of the liquid is then taken, and the result obtained 
recorded as the specific gravity of the suspended fat. The great 
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objection to this method is that fats and waxes which have UDdergone 
sudden cooling have abnormal specific gravities. On this account it 
is far preferable to employ for the experiment fragments which have 
been cut off a mass cooled under normal conditions. 

The following table gives the densities, as determined in the 
author's laboratory, of a number of samples of oil at the temperature 
of boiling water. Some of the observations were made with the 
Sprengel-tube and others by the plummet; but in certain cases, where 
both methods were employed, the results showed such a close concord- 
ance that it is a matter of indifference, so far as the figures are con- 
cerned, which method is employed. In most cases the density of the 
3ame sample was taken at the ordinary temperature in addition, some 
of these latter observations being made by a hydrometer :— 



Natubk of Oiu 



Spbcxvic Gratttt OF Oil : Watbbat 
16-&0 a (60» F.) BRXMa 1000. 



At 15(P C 
(«0°F.). 



At9r>to90oC.l 
{20tPt»tUFF.). 



Aiacbis oil, . 
Rape oil, • • 
Keatsfoot oil, 
Cottonaeed oil, 
Sesame oil, . 
Cooonat olein, 

Nigeneed oil. 
Linseed oil, . 

Castor oil, • . 

Whale oil. 
Porpoise oil, . 
Seal oil, . . . 
GbdiiYeroil, . 
'Menhaden oil, 

Sperm oil, . 
Bottlenoae oil, 



022- 
915- 
914- 
925* 
921- 
926*2 

927- 
935* 

965-5 

930-7 

926- 

924- 

927-5 

932- 

883-7 
880-8 



867-3 
863-2 
861-9 
872-6 
867-9 
8710 

873*8 
6809 

909-6 

872-5 
871 4 
873-3 
874-2 
877-4 

830-3 
827*4 



The next table shows the specific gravity at two different tempera* 
tures of various molten fats and other bodies which are solid at the 
ordinary temperature. The densities were ascertained by the plummet 

1 It will be observed that the densities in the third eolamn of the foregoing tsble ere 
reoorded as obtained at a temperature of 98<> to 99® C. In the aathor's laboratory watSr 
ordinarily boils at 99® C, and oil immersed in a Tessel of boiling water rarely reaches a 
temperature exceeding 9S*5® C. 
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method, and in each case the observations at the two different tem- 
peratures were made on the tame sample of the substance. A column 
is added showing the difference in density corresponding to a change 

ofrc. 



Natubs of Fat, Ac. 



Specific Gravities op Melted Path, Ac.; 
Water at IS'S® C. (60° F.) « 1000. 



Palm oil, 

Cacao batter, 

Japan wax, 

Tallow, 

Lard, 

Batterine, 

Batter-fat, 

Coconat stearin, . . . . 

Coconut oil, 

Palmnat oil, 

Spermaceti, 

Eieeswax, 

Garnallba wax, 

Stearic acid (commercial), 
Oleic acid (commercial J, 

Paraffin wax, 



8930 at 50° C. 
892-1 „ 50*> 
901 -8 „ 60** 

8950 „ 60« 
898-5 „ 40** 
898-2 „ 40<> 

904-1 „ 40° 

895-9 „ 60° 

911-5 ., 40°^ 

911-9 „ 40°» 



835-8 
835-6 

a50o 

859-0 
903-2 



60° 
80° 
90° 

60° 
15-5° 



780-5 „ 60° 



858-6 at 98° C. 
857-7 „ 98° 
875-5 ,j 98° 

862-6 „ 98° 
860-8 „ 98° 
859-2 „ 98° 

867-7 „ 99° 

869-6 „ 99° 

873-6 „ 99°» 

873-1 „ 99°* 



808-6 
8221 
842-2 ; 

830-5 
848-4 



98° 
98° 
98° 

98° 



753-0 „ 98° 



DlFFEEESCB 

poR i^a 



•717 
•717 



•675 
•650 
•672 

-617 
•674 
-642 
-657 

•716 
•750 
•975« 

-750 
•656 

-724 



The figures in the foregoing tables represent merely the densities 
possessed by particular samples of different oils. The limits of varia- 
tion of density, and the value of the specific gravity as a means of 
recognising and assaying the various fixed oils are discussed in a sepa- 
rate section. 

CoEFFiciENTflOP EXPANSION OP OiU3. — It is always desirable to 
determine the specific gravity of oils at the standard temperature, but 
in many cases in which this cannot be done a suitable correction may 
be made. It is evident that to ascertain the rate of expansion of an 
oil it is merely necessary to determine the density of a sample at two 
different temperatures, which should be as far apart as possible.* The 

* The samples of oooonat oil and palmnnt oU were old, and had been frequently 
melted. Some time preriouBly they showed densities notably less than the figures stated 
in the table. 

* For obyioos reasons, the rate of expansion of camaiiba wax is only a rough determi- 
nation. 

*Thns a sample of rape oU was found to hare a density of 915*0 at 15*5<» C, and S63*2 
U 98° C, the differenoe being 61-8. Dividing this by S2-5, the differenoe between the 
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rates of expansion of the molten fats, <&c., are given in the table on 
last page, while from the figures recorded on p. 32 the writer has cal- 
culated the rates of expansion of various oils fluid at ordinary tem- 
peratures. Ti)e following table shows the values so obtained, together 
with certain determinations published by other observers: — 





CORRKO 






CORRRO 




Nature of Oil. 


TION FOR 
IOC. 


Obsrrver. 


Natukb or Oil. 


TION FOR 
1«C. 


Obskrver. 


Sperm oil, ... 


•648 


A. H. Allen. 


OliTeoil, .... 


•629 


CM.SiIIIwell. 


Bottleiiose oil, . 


-643 


•• 


Arochisoil. . . 
Kapeoil 


-655 
•620 


A. H. Allen. 


Wbaleoil, . . . 


•697 




Sesame oil. . . . 


•624 






•722 


C. M. Wetherlll. 


Cottonseed oil, . 


•629 


„ 


Porp<»i«e oil, . . 

Sealoil, 

Shark-liver oil, . 


•6M 


A. H. Allen. 


Coconut olein, . 


•665 


•1 


•615 
-648 


1* 


Nigeraeed oil. 


•687 


„ 


Codliver oil, . . 


•646 


" 


Linseed oil, . 


•649 


•1 


Meabaden oil, . 


•654 


It 


Castor oU, . . . 


•653 


„ 


Noatsfoot oil, . . 


•625 


C. M. iiretherlll. 








Lard oil. . . . . 


•658 









From an inspection of the figures recorded in this and the preceding 
tables, it appears — (1) that the rates of expansion of fixed oils are 
not sufficiently different Ho be of any value for their recognition; 
(2) that of the fixed oils examined, all, with the single exception of 
whale oil, expand sensibly equally for equal increments of heat, or 
at least the figures obtained do not show greater variations than 
would probably be observed between different samples of the same 
oil; (3) that, with the exception of whale oil (the high figure 
for which is confirmed by an independent observer), the correction in 
density for fixed oils mentioned in the last table may safely be 
taken at 0*64 for each degree centigrade, or 0*35 for each degree 
Fahrenheit;' (4) the rate of expansion of the solid fats and waxps, 

temperatures at which the observations were made (98*0 — 15'5 = 82^5), the figure 0'C28 
is obtained as the correction to be made for a variation of 1° C. from the standard tem- 
perature. 

* Thus, if a sample of oil has been found to have a density of 920*7 at 22® C, the 
density at 15*5® C. may be found in the following manner : — 

22-0 
— 155 



6-5 X -64 = 4-16 
-h 920-70 

924-86 

The establishment of the fact that the rate of expansion of the majority of fixed oils 
18 practically identical, will greatly facilitate corrections for temperature in cases where 
it is not convenient to ascertain the density at exactly the standard point. 
VOL. II.— 3 



34 FIXED OILS AND FATB. 

^heD in a molten state, is not ascertained with such a degree of accu- 
racy as in the case of the oils liquid at ordinary temperatures, but in 
most cases is sensibly higher than that of the oils of which olein is a 
leading constituent, this difference extending to free stearic and oleic 
acids.^ 

It is evident that the coefficient of expansion of 2iU oil may be deduced 
by dividing the temperature-correction by the density. Thus the 
coefficient of expansion of olive oil will be '^ff =0000715 for each 
degree centigrade. 

Melting and Solidifying Points of Oils and Fats.— The ob« 
servation of the solidifying point of an oil is often of considerable 
importance, especially in the case of lubricating oils, in which too high 
a melting point is a decided disadvantage. Similarly, the suitability 
of the solid fats for many of the purposes to which they are applied is 
greatly dependent on their melting points. 

Entire uniformity of solidifying or melting points for particular 
oils and fats is not to be expected, as in most cases the natural fats 
consist of a mixture of liquid and solid substances, the proportions of 
which may vary sensibly in different samples of what is nominally the 
same kind of oil. Moreover, the melting* points, like the specific 
gravities of the natural oils and fats, are liable to obscure alterations 
by lapse of time, and are further modified by the presence of varying 
amounts of free acid. It has also been observed that many of the fats 
solid at the ordinary temperature have at least two distinct melting 
points. Thus the ordinary clarified tallow of commerce, if previously 
melted at a temperature considerably above its fusing point, shows a 
fusing point of 95® to 96® F. If it be carefully remelted at that tem- 
perature, cooled, and the melting point again taken, it will sometimes 
be found nearly 20® F. above the former determination. 

In making observations of the melting and solidifying points of oils 
and fats it is absolutely necessary to get rid of any water or suspended 
matter. This is best effected by keeping the fat gently melted for an 
hour or two, and then filtering it through dry paper. 

The following are the roost satisfactory methods of ascertaining the 
melting points of oils and fats: — 

a. The substance is melted at a temperature slightly above its fusing 
point, and while molten is drawn up into a very narrow glass tube 

^ Owing to the enormous contraction undergone by many waxea and fats in tbb act oC 
solidification, in the solid state they are considerably denser than the fluid fixed oils. 
Thus, solid beeswax is. as dense as castor oil, but in the molten state it iscauch the lighter 
of the two. 
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(made by drawing out one end of a piece of ordinary quill tubing), 
where it is allowed to solidify spontaneously. After an interval of noi 
leas than one hour the tube, open at both ends, is attached by a cork or 
india-rubber ring to the stem of a thermometer in such a manner that 
the part of the tube containing the substance of which the melting 
point is to be observed, shall be at the same level as, and in close 
proximity to,.the bulb. The thermometer, with its attached tube, is 
then immersed in water, which is gradually heated at a rate not 
exceeding 0*5^ C. per minute until fusion of the contents of the capil- 
lary tube takes place, when the thermometer is observed and the tem- 
perature recorded. The flame is then removed, and the temperature 
at which the fat resolidifies also ob- 
served. In cases in which the melting 
and solidifying points are not notably 
different, it is usual to record the mean 
of the two as the true melting point of 
the substance. It is desirable to im- 
merse the beaker of water containing 
the thermometer in an outer vessel 
also filled with water, and to apply the 
source of heat to the latter. A half- 
liter flask, from which the neck has 
been cut ofl*, filled to the brim (fig. 5), 
furnishes a very convenient water- 
bath, and allows of a very regular and 
gradual heating of the water contained 
in the beaker placed in its mouth. 

It is evident that, without some 
modification, the foregoing method is 

applicable only to bodies melting above the freezing point of water. 
By substituting strong brine for the water, however, much lower tem- 
peratures may be observed. 

R. Bensemaun {J(mr. Soe. Chem. Ind., iv. 535) somewhat modifies 
the method last described. He places a drop of the previously melted 
fat in the wider part of a piece of quill-tubing drawn out to a capillary 
orifice. The fat is allowed to solidify completely, and the tube is then 
attached to a thermometer and placed in water which is gradually 
heated. The temperature at which the fat becomes suflBciently fluid 
to run down into the capillary part of the tube is called the point of 
incipient fusion, while the point of perfect fusion is that at which all 
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trace of turbidity disappears from the fat. In the case of fatty acids 
there is often a difference of 3° to 4° C. between the two points. 

b. When the fat of which the melting point is to be observed is not 
very fusible, the follo'wing method, due to Bevan and Cross (Jour. 
Chem. Soc, xli. Ill), gives very satisfactory results. A very thin piece 
of sheet-iron (ferrotype plate) is cut into an elliptical form, about an 
inch long by half an inch wide. At one of the foci (A) a small de- 
pression is made, and at the other a hole (B) is cut, of such size as to 
allow the plate to be fixed oii to the elongated bulb of a thermometer 
(C), 80 as to project therefrom at right angles. A glass float (D) is 
made by blowing a small bulb at the end of a capillary glass tube 

about three inches long, a small 
looped or hoe-shaped piece of plat- 
inum wire (£) being sealed into the 
bulb at the end opposite the stem of 
the float. To make an observation, 
a very small quantity of the sample 
is melted in the indentation of the^ 
iron-plate, and while still liquid 
the loop or hoe of the platinum wire 
of the float is immersed in it and 
allowed to become fixed by the spon- 
taneous solidification of the sub* 
stance, the stem of the float being 
supported in a vertical position. A 
thermometer is then cautiously in- 
troduced into the hole in the plate, 
and with it supported in a small 
beaker, which is then filled with 
mercury or other liquid. This is then gradually heated till the sub- 
stance under observation melts, when the float is released and instantly 
rises to the surface of the liquid. The results are very concordant, 
and free from certain sources of error to which observations made by 
the capillary-tube method are liable. 

c. The following plan is applicable within a greatly extended range 
of temperature: — Some clean mercury is placed in a small beaker, 
and a delicate thermometer immersed in the metal. A minute drop 
of the liquid fat or oil is then placed .on the mercury. If the fat be 
easily fusible, the mercury is then cooled down by immersing it in iced 
water, or in a freezing mixture, until the drop of oil solidifies, the 
temperature at which the change of state occurs being noted. On 
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removing the outer bath coDtainiDg the cooliog agent, the mercury 
will gradually rise in temperature till the oil liquefies, and the tem- 
perature at which this occurs can be observed with great accuracy. 
Id taking the melting points of the more infusible fats, there is no 
occasion to cool the mercury, which, on the contrary, is immersed in a 
beaker or neckless flask, filled with water to a higher level than the 
mercury. The water is heated very gradually till the fat is observed 
to become transparent and to spread over the mercury. The tempera- 
ture at which this occurs is the liquefying point of the sample. The 
change of state is very readily observed, and several observations can 
be made simultaneously. The beaker containing the mercury may be 
advantageously covered with a funnel (through the neck of which the 
thermometer passes) to prevent cooling by currents of air. 

d. A useful technical method of determining the solidifying point of 
waxes and fatty acids, and which may be used advantageously in 
various other cases, is as follows: — A test-tube, about 5 inches in 
length by f inch in diameter, is fitted with a ring or collar of cork or 
india-rubber, by which it is fixed in the mouth of an empty bottle or 
flask. The melted substance is then poured into the (warmed) tube 
till it is about two-thirds filled, and a delicate thermometer, previously 
warmed, is suspended freely in the liquid, so that the bulb may be 
wholly immersed. When the fat commences to solidify at the bottom 
of the tube the thermometer must be attentively observed. The 
operator then stirs the contents of the tube slowly, by giving the ther- 
mometer a circular movement, first three times to the right and then 
thrice to the left. The first effect of the agitation is to cause the ther- 
mometer to fall slightly, but subsequently a sensible rise takes place, 
and the mercury remains stationary for at least two minutes. The 
temperature thus indicated is the solidifying point of the substance, 
and the results obtained are remarkably constant. A rise of several 
degrees is often observed subsequently. In such cases both tempera- 
tures should be recorded. The above method is much used for com- 
mercial examinations under the name '' titer test." 

e, F. Rudorff, after testing various methods of determining the 
melting points of fats, finds that the most concordant results are 
obtained by covering a thermometer-bulb with a layer of the fat 
about 3 mm. thick, immersing it in water which is gradually heated, 
and observing the temperature at which the fat begind to separate 
from the bulb and ascend through the water. 

/. The solidifying points of some fats were determined by Rudorff 
by observing the temperatures at which they become solid whilst 
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yiolently agitated ; but with such fats as exhibit a rise of temperature 
during solidificatioD, it watf found best to take as the solidifying point 
the temperature to which the thermometer rose during solidification. 
The following table exhibits some of Riidorff's results : — 



SUBSTANCX. 


Melting Poiht by 

Mbthod e. 

oc. 


SoLiDimiTo Point 
BY Method /. 


Thebmometbr Rises 

During 

Solidification to 

oc. 


Cacao batter, . . 
Natmeg batter, . 
JapaD wax, . . . 
Matton saet, . . 
Beefsaet, • . . . 
Spermaceti, • • . 
Yellow beeswax, . 
Wbito beeswax, . 
Stearic acid, . . . 


33*5 
70 to 80 (?) 
60-4 to 51-0 
46-5 to 47-4 
43-5 to 45-0 
43-5 to 44-3 

63-4 

61*8 
56-0 to 56-6 


32 to 36 

^to35 

43-4 to 44-2 

61-5 to 62-6 

61-6 
55-7 to 56-8 


27-4 
41-7 to 41 8 

60-8 

Several d^reea. 



A rise of temperature during solidification was observed in the case 
of artificial mixtures, as well as in that of the natural substances. It 
was exhibited by mixtures of spermaceti with stearic acid, and of 
paraflin with stearic acid, being probably due to the constantly vary- 
ing composition of the liquid remaining after partial solidification. 

The usual melting and solidifying points of many oils, fats, and 
waxes, are given in tabular form later. 

The following is the A. O. A. C. method for detormiuation of melting point ^— 

The materials required are r— A piece of ice floating in recently boiled distilled 
water, and a mixtaie of alcohol and water of the same specific gravity as tho 
fat to be examined. This is prepared by boiling separatoly distilled wator and 
95 per cent, alcohol for ten minutes to remove the gases which they may hold in 
solution. While still hot, the water is ponred into the test-tabe described below 
until it is nearly half hill. The test-tube is nearly filled with the hot alcohol, 
which is careftilly poured down the side of the inclined tube to avoid too much 
mixing. If the alcohol is not added until the water has cooled, the mixture 
will contain so many air-bubbles as to be unfit for use. These bubbles will 
gather on the disk of fat as the temperature rises and finally force it to the top. 

The apparatus (fig. 7) consists of : — A thermometer reading easily and accu- 
rately to tenths of a degree ; a catbetometer for reading the thermometer (this 
may be done with an eyeglass if held steadily and properly adjusted) ; a ther-^ 
mometer ; a tell beaker 36 cm. high and lO cm. in diameter ; a t^tube 30 cm. 
long and 3-5 cm. in diameter ; a stand for supporting the apparatus ; some 
method of stirring the water in the beaker (for example, a robber blowing-bulb 
and a glass tube extending to near the bottom of the beaker). 

The melted and filtered fat is allowed to fall from a dropping-tube from a 
height of from 15 to 20 cm. on a smooth piece of ice floating in distilled water 
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that has been recently boiled. The disks thas formed are from 1 to 1*5 cm. Id 
diameter, and weigh about 200 mg. By pressing the ice ander the water the 
disks are made to float on the surface, whence they are easily removed with d 
steel spatula, which should be cooled in the ice-water before using. The test- 
tube containing the alcohol and water is placed in a tall beaker containing water 
and ice, until cold. The disk of fat is then dropped into the tube from the 
spatula and at ouce sinks to 
the part of the tube where 
the density of the diluted 
alcohol is exactly equiva- 
lent to its own. The deli- 
cate thermometer is placed 
in the test-tube and low- 
ered until the bulb is just 
above the disk. In order to 
secure an even temperature 
in all parts of the alcohol 
mixture in- the vicinity of 
the disk, the thermometer 
is used as a stirrer. The 
disk having been placed in 
position, the water in the 
beaker is slowly heated and 
kept constantly stirred by 
means of the blowing ap- 
paratus already described. 
When the temperature of 
the alcohol-water mixture 
rises to about 6® below the 
melting pomt, the disk of 
fut begins to shrivel and 
gradually rolls up into an 
irregular mass. The ther- 
mometer is now lowered 
until the fat particle is even 
with the centre of the bulb. 
The bulb of the thermom- 
eter should be small, so 
as to indicate only the tem- 
perature of the mixture 
near the fat. A gentle ro- 
tatory movement should 

be given to the thermometer bulb. The rise of temperature should be so regu- 
lated that the last 2° of increment require about ten minutes. The mass of fat 
gradually approaches the form of a sphere, and when it is sensibly so the read- 
ing of the thermometer is taken. As soon as the temperature is taken the test- 
tul>e is removed from the bath and placed again in the cooler. A second tube, 
conUiiniiig alcohol and water, is at once placed in the bath. The test-tube (ic« 




Fio. 7. 



40 FIXED OILS AND PATS. 

water having been used as a cooler) is of low enough temperatare to cool the 
bath sufficfently. Afler the first determination, which should be only a trial, 
the temperature of the bath should be so regulated as to reach a maximum of 
about Vo^ above the melting point of the fat under examination. The edge of 
the disk should not be allowed to touch the sides of the tube. This accident 
rarely happens, but in case it should take place, and the disk adheres to the 
sides of the tube, a new trial should be made. Triplicate determinations should 
be made, and the second and third results should show a near agreement. 

Relations of Fixed Oils to Solvents. 

Fats and oils are, without exception, wholly insoluble in water and 
aqueous liquids generally. 

In cold alcohol the fixed oils are but little soluble, as a rule, and the 
solid fats and waxes still less so. In boiling alcohol, however, some of 
the fluid oils dissolve to a considerable extent, especially if the solvent 
be anhydrous. Quantitative statements respecting the solubility of 
oils in alcohol are, however, generally unreliable, the solubility 
recorded being, in many cases, merely a rough indication of the pro- 
portion of free fatty acid which happened to be present in the sample 
examined. The following statements cover all the general principles 
and reliable facts respecting the solubility of the fixed oils in alcohol : — 

1. Those oils containing the esters of lower fatty acids (e.g., por- 
poise oil, coconut oil, butter fat) exhibit exceptional solubility in 
alcohol. 

2. Those oils containing the ester of linolic acid (^e,g., linseed and 
other drying oils) are comparatively readily soluble in alcohol. 

3. Castor and croton oils dissolve with facility in alcohol, and are 
sharply distinguished by this character from the majority of oils. 

In ether, chloroform, carbon disulphide, benzene, and oil of turpentine 
the fixed oils dissolve with great facility, being in many cases miscible 
with those solvents in all proportions. 

Petroleum spirit acts, in the majority of cases, like the solvents just 
mentioned ; but castor oil constitutes a remarkable exception to the 
general rule, being practically insoluble in petroleum spirit and other 
petroleum products (see "Castor Oil"). 

The behavior of various fixed oils with glacial acetic acid has been 
investigated by E. Valenta {Dlngl polyt. J., cclii- 296 ; Jour. Chem. 
Soc, xlvi. 1078). Equal parts of the oil and of glacial acetic acid of 
1056-2 specific gravity are mixed,* and gradually heated with con- 
tinuous shaking, until complete solution takes place or the acid begins 

1 3 C.C. of the sample of oil, previously melted if necessary at a gentle heat, and an 
equal measure of glacial acetic acid are convenient quantities to employ. 
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io boil. A thermometer is then immersed in the liquid, the tub« 
allowed to cool slowly, and the temperature recorded at which the 
liquid becomes turbid. The writer has tried this test on a number of 
oils. He finds a slight variation in the strength or proportion of the 
acid employed is not of importance ; and the temperature at which tur- 
bidity occurs with any particular specimen is readily observed and 
fairly constant. Unfortunately the writer's experience is not in accord 
with that of Valenta as to the turbidity-temperatures of particular 
oilsy a fact that renders it probable that a more extended experience 
will prove that different specimens of the same description of oil give 
results showing considerable variations. The discordant figures 
obtained by Valenta and the writer for palm oil are probably due to 
the different proportions of free acid in the samples ; and the same 
explanation probably applies to Valenta's figures for green and yellow 
olive oil. 

The following table shows the results both of Valenta and the 
author : — 



Kind op Oil. 


Tkmi»kra- 

TUMK OP 
TUKMIUITY. 


OlSSKKVER. 


Kind of Oil. 


Tkmpera- 

TURK OP 

Turbidity. 


Obskbvkb. 


Green olire oil, • . 
Yellow ,. • , 
Almond oil, . . . 
Arachisoil, . • . 

Aprlcotkemel olf, 
Keatsfootoil,. . . 
Seraiue oil, .... 

Melonsecd oil.* ! I 
Cottonseed oil, . . 

Nigerseed oil, . * 
Linseed on, . . • 

Menhaden oil, . • 
CodliveroU, . . . 

Shark-liver oil, . . 
Sperm oil, .... 
Bottlenoseoll, . . 

Rapesecd oil, . . ' 

Mustardseed oil, . 

Wild radisbseed > 

on, J 


85 
111 
110 
112 

87 
114 
102 

87 
107 
108 
110 

49 
67 

64 

101 

79 
106 

98 
102 

T^ol com- 
pletely dis- 
solved at the 
boiling |>oinf 
of acetic acid 


Valenta. 
It 
II 

Allen. 

ValenU. 

Allen. 

Vaienta. 
It 
11 

Allen. 
It 

Viienla. 
Allen. 

If 

II 

II 

Valenta. 
II 
It 


Palm oil 

laurel oil, . . . . 
Nutmeg butter, . 
Coc<inul oil, . . . 
raimnut oil, . . . 
Ra5siaoil, . . . . 
Butter-fat, . . . . 
Poriwise oil, . . . 

Palm oil, 

Butterioe, .... 

I-ard 

Beef tallow, . . . 
Pressed tallow, . . 
Caoio butter, . . . 

Olive-kernel oil, ' 
Castor oil, ... 
Colophony, . . 

Stearic acid(com-) 
mercial), . . f 

Oleic acid (com- 
mercial), . . . . 


23 
26-27 

27 

40 

48 
64-5 
61-5 

40 

83 

98 
96-5 

95 
114 
105 

Completely 
soluble at the 

ordinary 
temperature 

86 
. 27 


Valenta. 
II 
ti 
It 
It 

»» 

»t 
II 

VaUnta. 
•I 
II 

•t 
Allen. 

It 
tt 



From an inspection of the above table ii would appear that olein is 
only with difficulty soluble in glacial acetic acid, and that the same is 
true of stearin. The discrepancy between the figure of Valenta and 
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that of the author for the turbidity-temperature of palm oil makes the 
solubility of palmitin uncertain ; but it is evident that the esters 
of fatty acids lower than palmitic (as contained in porpoise oiI» butter 
fat, coconut oil, laurel oil, nutmeg butter, &c.) dissolve with compara- 
tive facility. The author obtained remarkably constant results from 
several samples of butter, and it appears probable that further experi- 
ence may prove the method to afford a simple means of distinguishing 
butter from butterine. The incomplete solubility of rape oil and other 
oils from the crueifercBf even at the boiling point of acetic acid, is note- 
worthy, as are the low figures found for linseed oil, nigerseed oil, and 
menhaden oil, as compared with those for the non-drying oils. 

Valenta has also proposed to employ glacial acetic acid at 50^ C. 
for distinguishing mineral oils from rosin oil, the former being spa- 
ringly and the latter readily soluble in that reagent. 

According to Pearmain and Moor, a somewhat improved method of working 
this test is, instead of using an ordinary test tube, to use a short and somewhat 
thick test>tabe into which a well- fitting stopper has been ground. Into this 
tube is weighed 2 75 grm. of the fat ; 3 c.c. of the acetic acid is then ran in 
from a burette or other suitable arrangement The tube is then stoppered and 
placed in a beaker of warm water, increasing the heat nntil, after well shaking 
the tube, the contents become quite clear. The source of heat is then removed, 
and the test-tube so placed that it is in the centre of the beaker of heated water, 
and by means of a thermometer attached to the tube by a rubber band the whole 
is allowed to rest until the change from brilliancy to turbidity. The change is 
very definite and can be repeated over and over again with a maximum error of 
about 0-25* C. 



CONSTITUTION AND CHEMICAL PROPERTIES 
OF FATS, OILS, AND WAXES. 

The fats, fixed oils, and waxes are esters of a series of acids mostly 
monobasic and called, from their sources, the fatty acids. The natural 
fats and fixed oils are all esters of the triad radicle, tritenyl, CsHs. 
Their composition may be expressed by the general formula CiHsAs, 
in which A is a radicle of some acid. From the fact that the radicle 
CsHs occurs in glycerol, it is sometimes called glycyl or glyceryl and 
the esters are ofteu called glycerides. The series that are mostly gen- 
erally represented in the natural fats and oils are those having the 
general formulae CnHio-iOj (stearic acid series) ; CnHto-sO, (oleic acid 
series); CaHja.jO, (linolic acid series); CaHn^^sOj (ricinolic acid 
series). Tritenyl stearate, CH5(Ci8H»0,)5 = CmHuoOj, is called tri- 
stearin, or, better, stearin ; it is the chief constituent of mutton-fat 
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Similarly, olein is the priDcipal compoDent of almond, olive, and 
lard oils, and palmitin of palm oil. The esters of (homo) linolic and 
ricinolic acids respectively constitute the chief parts of linseed and 
castor oils. Olein and linolin, being liquid, are found most largely in 
the oils, while stearin and palmitin constitute the major portion of 
most fats. 

With a few probable exceptions, the natural esters appear to con- 
tain three molecules of acid-radicle, but monostearate or monostearin, 
distearate or distearin, and similar bodies can be obtained by heating 
glycerol under pressure with the requisite proportion of fatty acid. 
Japan wax appears to be an example of a natural ester containing 
only two atoms of the acid-radicle, GsH5(A)sOH, and the existence 
of other natural bodies of a similar kind is probable. In butter-fat 
the molecule of tritenyl is probably united to different fatty acids. 

The constitution of some of the natural fata and oils is still uncertain, 
and it is possible that some of them are the esters of homologues of 
tritenyl, or may have a constitution of a wholly different nature. 

The waxes proper contain the esters of higher alcohols of the methyl 
seriesr Thus, spermaceti consists chiefly of cetyl palmitate, Ci«Hn* 
CieHtiOi, whilst Chinese wax, beeswax, and carnauba wax contain still 
higher radicles, and the last substance apparently a diatomic alcohol 
in addition. Sperm oil and bottlenose oil are chiefly composed of 
bodies having a constitution similar to that of the waxes. 

In addition to the esters which constitute the essential portions, 
most natural fats, oils, and waxes contain more or less of free fatty 
acids, and small proportions of coloring, odorous, resinous, and other 
matters, to which the characteristic colors, smells^ and tasteaare mostly 
due. Small proportions of cholesterol are sometimes present, and the 
list of these principles, will be much extended as research progresses. 

Free Fatty Acids in natural fats and oils are usually products of 
the decomposition, owing to the presence of mucilaginous or albumin- 
ous matters. Ordinary butter, which contains casein, readily turns 
rancid and contains free butyric acid ; but if all casein and water be 
removed by melting and filtering the butter, the butter-fat may 
be kept unchanged for a long time. Over-treatment with sulphuric 
acid in the process of refining oils often results in the formation of free 
fatty acids. Commercial oils which have been refined by this process 
are apt to retain traces of free mineral acid. 

The proportion of free fatty acids is best determined by titration in 
presence of alcohol with standard alkali and phenolphthalei'n. 

The proportion of free fatty acids in commercial oils is oftea very 
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considerable — far larger than is commonlj supposed. Thus, in palm 
oil the free acid, calculated as palmitic acid, usually varies from 12 to 
nearly 80 per cent. In eighty- nine samples of olive oil intended for 
lubricating use, L. Archbutt (AnalysC, ix. 171) found from 2*2 to 25*1 
of free (oleic) acid, the mean being 8'05 per c^nt.^ In the superior 
grades of olive oil the proportion of free acid is much smaller. In 
rape oil the percentage of free acid is generally from 1'5 to 6 percent.; 
but cottonseed oil, which is refined by means of alkali, is generally 
free from any trace of acid.' The presence of free acid in an oil 
is doubtless the main, if not the only, cause of its tendency to act on 
metals, and therefore seriously affects the suitability of the oil for use 
as a lubricant. Burstyn found that the extent of the action of olive 
oil on brass was regularly and directly proportional to the percentage 
of the acid present. The subject is considered more fully in the sec- 
tion on " Lubricating Oils." 

Saponification and Proximate Analysis of Fixed Oils. 

Fatty oils heated with water under a pressure of 8 to 12 atmo- 
spheres, or distilled with superheated steam, are decomposed into fatty 
acids and glycerol. This method of decomposing fats is employed in 
the industrial production of fatty acids and glycerol. 

Many natural oils and fats decompose into fatty acids and glycerol 
in presence of traces of albuminous or other foreign matter. The 
free fatty acids often present in commercial palm oil, olive oil, and 
tallow are due to this cause. 

Decomposition occurs when a fatty oil is heated to 110^ C, with 
about 8 per cent, of concentrated sulphuric acid. On washing the 
product with hot water, the sulphuric acid and glycerol are removed, 
and the fatty acids separate in the form of an oily layer. 

Decomposition also occurs when a fat or oil is treated with basic 
oxides or hydroxides. The change occurs more readily with some oils 
than with others, and is promoted by heat and by using alcohol 
or glycerol as a solvent for the alkali. A salt (soap) of the fatty acid 
is produced, glycerol being likewise formed. The soaps produced by 

' L. Archbutt found that free acid, if present in greater proportion than about 3} per 
cent.j unfitted olive oil for burning in railway lamps, the wick becoming charred. 

s In a sample of porpoise oil which had been brought home in contact with the blubber, 
ai)d which had drained therefrom at the ordinary temperature, the author found 9*02 per 
cent, of free oleic acid, and in oil (from the same cargo) extracted by boiling the blabber 
with water, the free acid amounted to 22*65 per cent. 
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potassium, sodiam, or ammonium hydroxide are soluble in water, but 
most other soaps are insoluble.^ 

Wax yields soaps and a monatomic alcohol, instead of glycerol. The 
decomposition is usually difficult, and a solution in alcohol or glycerol 
should be employed. 

When an ester is split up into an acid and an alcohol, the change is 
called "saponification," no matter whetber the agent effecting the 
change be water, an acid, or a base. The term is even extended to 
the decomposition of ethers which do not yield fatty acids. It is 
evident, therefore, that the saponification of fixed oils is a definite 
chemical reaction, precisely analogous to the decomposition of the 
ordinary salts. 



ESTEB. 


Chief SovBOES. 


.FOBMULA 


1^ 


PRODrCTS OF 

Sapowification of 
100 Parts. 


Fatty 
Acid. 


Gly- 
cerol. 


Tritenyl butyrate 

(bntyrin), 
Tritenyl valerate 

(valerin), 
Tritenyl laurate 

(lanrin), 
Tritenyl palmitate 

(palmitin), 
Tritenyl stearate 

(stearin), 

Tritenyl oleate 
(olein), 

Tritenyl erncate, 

Tritenyl linolate 
(Unolin), 

Tritenyl ricinolate 
(ricinolein), 

Cetyl palmitate, 
Myricy] palmitate, 
Ceiyl cerotate, 

Dodecatyl oleate, 
Dodecatyl doeglate, 


Butter-fat, 

Porpoise oil, 
whale oil, 

Cocount oil, 
palmnnt oil, 

Palm oil, lard, 

Tallow, lard, 
cacao batter, 

OUve oil, al- 
mond oiKlaid 
oil. 

Rape oil, 

Linseed and 
dzying oils. 

Castor oil, 

Spermaceti, 
Beeswax. 
Chinese wax, 

Sperm oil, 
Bottlenose oil, 


(iH»(C,HA)., 

C,H5(C,H,0,^.. 

C,H5(C„H«02)„ 

C2H5(C„H«02V 

C2H,(C„H„02),. 
C,H,(C„H„0,V 

Q8H5(C22H«02)3, 

CjHj* CisH,|02)b, 
CigHjj.CigHjiO,, 

C3oH61*CuH3i02. 
C,7H55.C,7H530a, 

C,2H,vC,8H3302. 

Ci,H25.C„H„0,. 


302 
344 

638 
806 
890 

884 

1052 
878 

932 

480 
676 

788 

450 
464 


87-44' 
88 96 
94-04 
95-28 
95-73 

95-70 

96-39 
95-67 

95-92 

53-33 

37-87 
62 03 

62-67 
63-79 


,30-46 
26-77 
14-42 
11-41 
10-34 

10-40 

8-76 
10-48 

9-88 

Mon- 
atomic 

ALCX)H0L. 

60-42 
64-79 
50-25 

36-88 
:«-78 



' The mothod of saponifioation dow moit oxtensively practised on a large scale oonsistS 
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The foregoing table shows the composition of the leading proximate 
constituents of fats, oils, and waxes, and the theoretic proportions of 
fatty acid and alcoholic bodies resulting from their saponification : — 

It is seen that, with the exception of butyrin and valerin, which are 
only found in small proportion in natural fats and oils, all the esters 
nrhich form the proximate constituents of fats and oils yield nearly 
equal amounts of fatty acids on saponification, the amounts, if laurin 
be excepted, being constant within a range of about 1 per cent. 
Similarly the proportions of glycerol yielded range within compara- 
tively narrow limits. Hence it may fairly be asserted that the major- 
ity of fats and oils yield, on saponification, from 95 to 96 per cent, of 
fatty acids, and about 10 per cent, of glycerol. The esters of butyric, 
valeric, or laiiric acid contained in butter-fat, porpoise, and coconut oils 
respectively, yield a larger proportion of glycerol, while rape oil, con- 
taining an ester of erucic acid, yields a smaller proportion. 

The waxes yield much smaller proportions of fatty acids, and, in- 
stead of glycerol, give large proportions of alcohols of the methyl 
series, as solid bodies insoluble in water. The nature and proportion 
of the products of saponification sharply distinguish the sperm and 
bottlenose oils from all other fixed oils of commercial interest. 

The nature of the fatty acids produced on saponification is of im- 
portance in distinguishing the various fixed oils. Thus the drying oils 
yield chiefly linolic acid, CicHisO,, or possibly a homologue, CigHnOs, 
as a liquid product having a strong affinity for oxygen and cohibining 
with a large proportion of bromine or iodine, but not solidified by the 
action of nitrous acid. The non-drying oils mostly contain olein, 
which has comparatively little affinity for oxygen, and takes up less 
bromine or iodine than linolin, but is solidified by treatment with nitrous 
acid. Rape oil contains erucin, which is not solidified by nitrous 
acid, and has a very high molecular weight. All the foregoing and 
their homologues yield lead salts soluble in ether. On the other hand, 
the higher esters of the stearin series yield lead salts insoluble in ether, 
are solid at ordinary temperatures,»and do not assimilate bromine or 
iodine. The acids derived from k$wer members of the series (e.^., 
butyric and valeric) are soluble in water, and some of them volatilise 
to a notable extent in a current of open steam. Butter-fat, porpoise 
and coconut oils contain esters of these soluble or volatile fatty acids 
and yield larger proportions of glycerol than most other fixed oils. 

ia treating the fat in a olosed reeeel with 2 or 3 per oent. of lime,*and driying in steam at 
a pressure of 8 to 10 atmospheres. In some works magnesia or zinc oxide is substituted 
&r the lime. 
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The proportions o{ fatty adds obtained from the various fixed oils 
fully bear out the foregoing thedretic views, but owing to the difficulty 
which, till recently, attended the accurate determination of glycerol, 
discordant statements have been made as to the proportion obtained, 
and various theories have been advanced to account for the supposed 
deficiency. 

The following table gives the percentage of glycerol produced by 
the saponification of various oils and fats, as ascertained by the per- 
manganate process (see " Glycerol '') : — 



SUBffTAKCK. 


Glycerol per 

CKHT. 


1 

1 

1 

i Substance. 


Glycerol per 

CKWT. 


Bcnedikt 

and 
ZBigmondj. 


A.H. 

Allen. 


Benediki 

and 

Zsigmoody. 


A.H. 

Allen. 


DttgliDg (Bottlenose) oil, 
Northeru whale oil. . . . 
Porpoise oil, 




310 
11-96 
11-09 
11-10 

10-83 

il'-06 


OliTe oil 

Rape oil, 


101 to 11-4 


9-82 
9-94 
9-50 
9-39 
913 
8-35 

12-11 
11-70 
9-71 

11-614-7 
13-38 


Sesame oil, 




MeahMleii oil 




Cottonseed oil, .... 

Linseed oil, 

Castor oil, 


*9-4tol0-0 


T4t«». 




Tallow, 

Battei^fat, 

Beeswax, 


9-9 to 100 
10-2 to 11*6 

none. 


Oat-fat, 




Coconut oil. ..... 

Palmnutoil 


13-3 to 14-5 


PalniolI,» 




Japan wax, 

Mjrtlewax, 


10-3 to 11 -2 





These figures are very instructive. They negative the statement of 
Konig, who could obtain no glycerol by saponifying oat-fat,' and but 
little from linseed oil. They also controvert the extraordinary asser- 
tions of Hammerbocker and Lehmann that coconut oil consists chiefly 
of free fatty acids. It actually yields more glycerol than the majority 
of oils, owing to the presence of laurin and other esters of compara- 
tively low molecular weight. 

^ The palm oil contained a considerable qnantity of falty acid. The figures for bottle- 
nose, olive, rape, and sesame oils were obtained in the author's laboratory by the use of 
methyl alcohol, which experiment subsequently showed was not of satisfactory purity. 
Hence these results are probably somewhat in excess of the truth. The other figures of 
the author were obtained with aqueous potash, and have a tendency to be below the truth. 
Benedikt and Zsigroondy used methyl alcohol. Fox and Wanklyn recommend saponifi- 
cation in presence of ethyl alcohol, whinh would give excessive results, but they have not 
published any figures. 

' The oat-fat analysed was prepared in the writer's laboratory by extracting oatmeal 
with ether. It contained free fatty acid corresponding to 46*3 per cent, of oleic acid. 
The total fattj acids amounted to 95*18 per cent., and lutd a combining weight .of 291-7. 
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Jhe proportions of glycerol obtained in the author's laboratory by 
the analysis of Japan wax are higher than have been observed in the 
case of any other natural fat, 

.i.Tm!^-^*'^'"*'^"'*''^*"* ««°«"J purposes of chemical analy. 
•w an alcohohcsolution of caustic poUsh is by far the most convenient 

ZSl V ! ^\V^ ^ frequently employed, it is desirable to 

^lescribe it once for all. 

.An alcoholic solution of alkali is prepared by dissolving 80 grm. of 
^tr'T ^^"^^ '° ^ litreof methylated spirit, which has b^n pre- 
v^usly ^dmilled w,th a little caustic alkali. It is desirable to dehy- 

earbonate. About 6 grm. of the clarified fat or oil are exactly weighed 
of * f •;,!-.'''^«°^«^'«l fl"k. treated with 26 to 30 c.c. of the solution 
tub. Th"^'"^' ?^ '^' ^"'^ '^^^ ^^'^ * "O''' fi"«J "5th . long 
boiUt J , " ^'""^ °^'' *'"'"°8 water.and », soon as the spirit 

r^Mn^ ' ""^ •" ?'''•''' ''***^ ^°' '' '^0'^ ^'"^'ith occasional 
J hen L 'T'l^l "°"P'''' «iponification of the fat. The crk 
Tstrrhr -."u '^^ '^'°^'^ ^^•^P^'^^^^ '^- I° »»>« presence of 
S'lTelir ^hecontenuof the flask should be allowed to boil 

Sis a? "t '^' '^'''"^ ''"^''^ ^'^'^ 25 c.c. of spirit, and 
S, 1 „r!!: '" TT *''«'-«^'>^" ""o dangerof loss of h;dro. 
Se sanoi^ fiV„^ "/^ ^r' ^*"^ '"'^^'' ^y '""'"^io"'' treatment, 
conducted tr^" I ''''"''' ^'^PO'^^'O" <»" »»« satisfactorily 
rakeHa ' * if""?'''"''' P'-""'"*" '^"'''' P>»<=ed over a small 
keot ;.nr K 'V °"^'"™ ^ ^«" stirred with a glass rod. and 

rSSuTt ; :"i:";L^ r. ---'^ ^'^-' °^ -^ ^•'^ 

should h-vl^l frongly. By this time the whole of the oil 

lot: 'r.*,ir. T.fk,'".s 'ij-^jir"^"''-- ^-p-^- 

ensiir« fho o« xT . ^' *"^ ^*^® evaporat on repeated. To 

and aSn? Uon t, ^^^oT' '* " ^'"^^ *« ?'««« »J>« '"'-PJ* 
rubber stop! 6^ ,1" Tk* ^^ "•*'• ^''^'' '^"^ ^^ *° »»*«»- 

100» C. anTfLqlTn^^tedlr-h T^^ '^ " ^'" "^^P' "* 
bules of oir can be seen w^pn i» • ^ / *" ^°"' **' ""*" °° «'°- 
into a basin and evZ' T 7 '' » "Pe^e^. and the contents rinsed 
expelled. Speda, nrelT T' '^"'"« ''*^' »'" ^^e alcohol is 

-describedTtlr::ir::?zr:r^«-p«^^«-ionof 
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Considerable nse is now made of a method of saponification by means of an 
alkaline glycerol eolation, whicb permits of the employment of a high tempera- 
tare and enables the saponification to be efi'ected more rapidly and completely. 
(See Alkali-glycerol Process.) 

SEPARA.TI05C OP THE PRODUCTS OP SAPONIFICATION. — The BolutlOn 

of soap, freed in the foregoing manDer from alcohol, should then be 
diluted with warm water till it measures 70 to 80 c.c. A perfectly 
clear solution will usually be obtained if a pure oil has been used and 
the process has been successfully conducted, but waxeSf and mixtures 
containing hydrocarkom and other foreign matters, will give a solu- 
tion containing solid matter, or oily globules in suspension. These 
admixtures may usually be removed and determined by agitating the 
soap solution in a glass separator, with an immiscible solvent, ether 
being the most generally suitable for the purpose.' The ethereal layer is 
then separated, evaporated, and the residue weighed. The best method 
of manipulation is described later. Cholesterol and other unsa- 
ponifiable matter are present in small proportion even in some of the 
purest fatty oils.' 

If ether has been employed, it should be removed by keeping the 
soap solution at a gentle heat for some time. On then treating the 
solution with an acid, dilute sulphuric acid being generally preferable, 
a milky precipitate is produced, which, on warming the liquid, will 
collect into globules and form an oily layer on the surface. Thi:» 
layer consists of the faity adda produced from the oil. These acids 
diflTer from the original esters in being soluble in alcohol, the solution 
having an acid reaction, and decomposing the carbonates of the alkali- 
metals, liberating carbon dioxide and forming soaps. 

Fatty acids are, as a rule, almost wholly insoluble in water and not 

I Owing to the limited solability of myricyl alcohol in most solTents, the method de- 
eeribed in the text is attended with practical difficulties in the case of beeswax and oar- 
naiiba wax, though it is admirably adapted for the analysis of spermaceti. If the removal 
of the separated higher alcohol by an immiscible solvent be found impracticable, Ihe solu- 
tion of the soap should be treated with aootio acid in quantity just sufficient to destroy the 
pink coloration produced by pbenolphthalelin, and the solution precipitated by lead aco* 
tate. The precipitate should be washed; dried, mixed with sand, and the wax-alcoho( 
dinolved by boiling petroleum spirit. 

• In rigidly aocurate experiments it is desirable to treat the nnsapo'nifled residue in the 
same manner as the original oil, as traces of fat are liable to escape saponification by a 
single treatment. If the residue left on evaporating the ethereal solution be treated with 
a little hot alcohol, the solution filtered hot, and the filtrate cooled, and, if necefsary, 
allowed to evaporate spontaneously, crystalline plates of cbole&terol will often be deposited. 
Wool fat contains a considerable proportion of cholesterol, and the writer has proved its 
presence, by the above method, in butter-fat, oodliver oil, Ac. 
YOU II.— 4 
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8eD8i))l7 volatile at 100^ C, but from butter- fat, coconut oil, palninut 
oil, porpoise oil, and some others a notable amount of the lower fatty 
acids is obtained, and hence the acids from these sources are partially 
^luble in water, and capable of distillation with water at 100^ C. 

For obtaining these ioluble or volatile acids from oils, the soap solu- 
tion is acidulated with sulphuric acid in the manner already described, 
and the aqueous liquid separated from the layer of fatty acids, and the 
latter several times boiled with a considerable quantity of water in 
a flask furnished with a long tube or inverted condenser. The liquid* 
resulting from these operations are separated from the insoluble fatfy 
acids, which it is desirable to again boil with a moderate quantity of 
water, whilst driving a current of steam through the flask In which 
they are contained, collecting the distillate, and treating it like the 
washings.^ The acidulated aqueous liquid first separated from the 
layer of fatty acids is then distilled to small bulk, and the distillate 
exactly neutralised with a standard solution of sodium, or barium, 
hydroxide, using phenol phthalein as an indicator. The first washings 
from the insoluble fatty acids are then added to the contents of the 
retort, and the liquid again distilled to a low bulk, the process being 
repeated with the succeeding washings. The difierent distillates ob- 
tained should be titrated separately with decinormal standard alkali 
and phenolphthale'in, as, in this manner, with but little extra trouble, 
the progress and completion of the washing, Ac, can be followed, aiul 
useful information obtained as to the probable nature and relative 
proportions of the hwer fatty acids present. 

The several neutralised distillates may now be united and evapo- 
rated gently to dryness, the residue being dried, at 100^ C. till con- 
stant. It consists of the sodium or barium salts of the acids which 
passed over in the preceding distillation. If the total volume (in c.c.) 
of normal soda employed for the neutralisation be multiplied by 0*022, 
or the volume of normal baryta solution by 00675, and the number 
so obtained be subtracted from the gross weight (in grams) of the dry 
residue, the difference will be the weight of the volatile fatty aeids. 
Their mean combining equivalent will be found by dividing their 
weight by the volume (in c.c.) of normal alkali required for their 
neutralisation. 

A further examination of the volatile fatty acids can be made by 

1 When oooonut or palmimi oU is iraftted in this manner, the distillate will be found to 
oontain laurio aoid, whiob, though almost insoluble in water, is rolatile in a eurrent of 
steam. It may be separated from the more soluble rolatile fattj aoida bj filtering th« 
distillate. 
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distilling the barium or sodium salts with phosphoric or diluted sul- 
phuric acid, and ezamioiog the distillate as indicated in vol. i» p. 485 
et seq. 

A very useful method of examining fatty oils for volatile adds has 
been devised by Beiohert It consists in distilling over an aliquot 
part of the acidulated solution of the saponified sample, and titrating 
the distillate with standard alkali. The details of the manipulation 
and the results yielded by different oils will be given later. 

The foregoing method of isolating the lower fatty acids is not in 
practice so tedious as might be supposed ; and in cases where the oil 
under examination is known not to contain any appreciable quantity 
of esters of the lower acids, the treatment for their isolation may be 
wholly omitted, and the insolvhle fatty aeida are practically identical 
with the total fatty acids liberated on adding a dilute mineral acid to 
the aqueous solution of the soap. The oily layer thus obtained should 
be shaken several times with warm water, or until, after separation, 
the aqueous liquid is no longer acid to litmus. The subsequent 
treatment of the insoluble fatty acids will depend on the nature 
and extent of the information required. In some cases it will be 
sufficient to add alcohol and titrate with standard alkali and phenol- 
phthalein. If the fatty acids are to be weighed, the best mode of 
operating is to run them from the separator into a small paper filter 
previously wetted with hot water. The funnel containing the filter is 
place(l in the mouth of a small dry beaker, and the whole heated in 
the water-oven. As the filter dries, th^ greater part of the fatty acids 
will pass through the paper into the beaker. When no more drops 
through, the funnel is removed to a small dry flask, and the acids 
adhering to the separator or other vessels removed by means of ether, 
carbon disulphide, or benzene. The solution thus obtained is poured 
into the filter and caught in the flask below. A fresh quantity of the 
solvent is used to efiTect complete solution and removal of the fatty 
acids from the filter, these washings also being allowed to run into the 
flask. The solvent is then distilled ofi* by immersing the flask in hot 
water, and the residual fatty acids further dried by blowing a current 
of air through the flask till they begin to lose weight, or till all odor 
of the solvent has disappeared. The weight of fatty acids thus deter- 
mined is added to that of the main quantity contained in the beaker, 
and the sum gives the insoluble fatty aeida in the amount of fat em- 
ployed for the analysis.' In most cases the determination of the total 

1 The method of treating the insoluble fatty acids described in the text possesses several 
adrantages. Thus the greater part is at once obtained in a filtered and perfectly dry state. 
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insoluble fatty acids is safficient, but, if desired, a further proximate 
aualjsis. can be made by the methods indicated in the section on 
« Higher Fatty Acids." 

The acidulated aqueous liquid remaining after the isolation of the 
insoluble fatty acids, and the removal of any volatile fatty acids by 
distillation, contains glycerol, which may be isolated by exactly neu- 
tralising the free acid with potash, evaporating the solution to dryness 
on the water-bath, and exhausting the residue with alcohol. On filter- 
ing and evaporating the alcoholic solution, the glycerol is obtained as a 
sweet syrupy liquid, which may be further purified by treatment with 
a mixture of alcohol and ether and evaporation of the filtered solution. 
Although glycerol resulting from the saponification of oils may be 
readily isolated in this manner, the results obtained are only very 
roughly quantitative, owing to the loss of glycerol during the several 
evaporations/ The determination of the glycerol produced by saponi- 
fication is most accurately effected by determining the oxalic acid pro- 
duced by its oxidation with permanganate, as described in the section 
on " Glycerol." 

^he following table shows in a condensed form the general process, 
just described, for the separation of the products of saponification of 
genuine fixed oils. The method of determining foreign addUwriB to 
fixed oils is described in a separate section. 



SaponifT the oU, evaporate off the alcohol, dIaaolTe the residual eoap In watirr, and agitate the 

solution with ether. 



Ethbrxal Solu- 
tion contains cAo- 
lesterolt hjfdrocar- 
bontf uruaponiflfd 
cilt and higher al- 
cohoUitrom waxes, 
sperm oU, Ac). 



Aqueous Layer. Acidulate with dilute sulphuric acid, and wash 
liberated fauy acids with boiling hot water. 



Oily Layer eonsistsof in- 
totuble/atly acids, which 
may be converted into 
lead compounds, and 
these then treated with 
ether. 



Soluble in 

ESTHER. 

Lead com- 
pounds of 
oleic, rietn- 
die, Unolic, 
hypoffeic 
acuUt Ac. 



Insoluble 
IM Ether. 
licad com- 
pounds of 

mvrislie, pal- 

tniiie, stearic, 
arac^idie. 

eerotieaeUu, 
Ac. 



AquBOOB LiQuip on distillation gives— 



In Distillate, 
lower fatty acids, 
such as butyric, m»- 
leric, caproie, lau" 
ric, Ac; estimated 
hj titration with 
standard alkali, 
and further exam- 
ined by fhwtional 
distUlaUon, Ac 



In Retort, an aqueous 
liquid, which, when 
neutralised, carefiil- 
Ij evaporated to dry- 
ness, and the residue 
treated. with ether- 
alcohol, gives a solu- 
tion of glycerol, left 
as a sweet syrupy 
liquid on evaporat- 
ing the solvent, twt 
which is more accu- 
rately determined in 
aseparate portion by 
oxidation. 



1 Even if the distillstiun for removal of the Tolatile fatty aoids be omitted, and every 
possible precaution be taken to avoid loss by TolatilisatioDi the results are usually oon- 
itderably below the truth. 
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Saponification Equivalents of Oils. Koettstorfer's Process.— 
The saponification of fatty oils being a perfectly- definite reaction, not 
only can the proportions of fatty acid and glycerol produced from any 
particular ester be calculated, but the proportion of alkali required for 
the saponification can be similarly ascertained from the general equa- 
tion :— QHftAa + 3K0H = CHjCOH), + 3KA. Conversely, if the 
proportion of alkali required to effect the saponification of a particular 
oil be accurately determined by experiment, the nature of the ester 
present can be inferred. From the above equation it appears that 1 
molecule of a tritenyl ester requires 3 molecules of alkali for saponifi* 
cation. The number of parts saponified by 1 molecule of alkali will 
therefore be one-third of the molecular weight ; but in the case of the 
ester of a monatomic alcohol, the number will be identical with the 
molecular weight. This figure, which really represents the number of 
grams of an oil saponifiable by one equivalent in grams of any alkali, or, 
in other words, the number of grams of an oil which would be decom- 
posed by 1 litre of a normal solution of any alkali, is conveniently 
iiesignated the '* saponification equivalent " of an oil, and may in all 
cases be found by dividing the percentage of potasdum hydroxide 
(KHO) required for saponification into 5610, or the percentage of 
sodium hydroxide into 4000. The expression of the neutralising 
power of oils in saponification equivalents has the advantage of being 
applicable to the results of saponification by any alkali, whilst the 
percentages of caustic potash required for complete saponification are 
not directly comparable with the figures obtained if soda be the alkali 
employed. 

The following table shows the application of bolrh modes of expres- 
sion to the chief esters occurring as constituents of the natural fats 
and oils. As already stated, the sapouification-equivalents of 
the monatomic esters are identical 'with their molecular weights, 
while those of the tritenyl esters are one-third of their molecular 
weights : — 
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SUBSTAXCB. 




Pkrcbntaob 
OP Caustic Potash 

(KHO) REQUIRED 

FOR Saponifi- 
cation. 


' ISaponifica- 

TION 

Equivaleht. 


Batyrin, 

Valeria, 

Laarin, 

Palmitin, 

Stearin 

Olein, 

ErncSn, 

Linolin, 

Isolinolin, .... 

Ridnolin, 

Cetyl palmitate, . . 
Myricyl palmitate, . 
Ceryl cerotate, . . . 

Dodecatyl oleate, . . 
Dodecatyl doeglate, . 


Batter-fat, 

/Porpoise, dolphin,'^ 
\ and whale oils, . [ 

\ nntoils, . . . . j 

Palm oil ; lard, . . . 
r Tallow; lard; cs^\ 
\ cao batter, . . . j 

f Olive, almond, and ) 
\ lard oils, . . . . / 
Rape oil, 

(Linseed and other "I 
\ drying oils, . . j 
Linseed oil, .... 

Castor oil, 

Spermaceti, .... 

Beeswax, 

Chinese wax, .... 

Sperm oil, 

Bottleuose oil, . . . 


65-73 
48-92 
26-38 
20-88 
18-91 

19-04 
16-00 

21-20 
1917 

18-06 

11-69 
8-30 
712 

12-47 
12-09 


100-67 
114-67 
212-67 
268-67 
296-67 

294-67 
350-67 

264-67 
292-67 

310-67 

480 
676 

788 

450 
464 



These figures show that very striking and characteristic difiereoces 
exist between the saponification equivalents of the various bodies. In 
practice, however, it rarely happens that an oil consists of a single 
ester in a state even of approximate purity, and hence the saponifica- 
tion equivalents of the natural oils are the resultants of the equivalents 
of their constituent bodies, and the quantitative value of the deter- 
mination is reduced. Nevertheless, the peculiarity of constitution of 
many of the natural fats and oils may still be recognised in the follow- 
ing table, which gives the percentages of caustic potash required by» 
and the saponification equivalents of, a large number of samples. The 
table contains results obtained by Koettstorfer (K.), F. W. and A. 
F. Stoddart (8.), L. Archbutt (LA.), E. Valenta (V.), R. Moore (M.), 
Hiibl (HI.), O. Hehner (H.), W. H. Deering.(D.), and the author 
(A.)* In many instances the figures are the average or extreme 
results yielded by the examination of a large number of samples. A 
further experience of the process will doubtless show that the limits 
stated in the table in many instances require modification. 
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SUBSTAKCB. 



Lad Oil 

OUtqoU, 

OUt6 oil 

Almond oil (tweet), . 

Araehiaoil, 

Tea oil 

Seesme oil, 

CottomeedoU 

B. Rapb Oil Cla«»— 

Colsa and rape oils, . . 

Bape oil 

Muttardeeed oil, . . . 
OabbageMed oil, . . . 

C. Vbokiiablb DBTnro 

Oils* 

Linseed oil, 

Poppyseed oil, . . . . 
Hempseed oil, .... 

Waliratoll, 

Nljpirieed oil, .... 

B. MABira OLBim— 

CodliTeroil, 

Menhaden oil, . • . . 
PilchanioU, . . . . . 
Seal oil, . . V . . . . 
Southern irhale oil, . . 
Kon hem whale oil, . 
Foipoiseoll, 



E. BOTTBB Claw 
Btttter-lkt, . . 
Coeootttoil. . . 
Palninuioii, . . 



F. 9rBAKWf, 40.- 

Lard, . . . . 

Tallow, . . . 

Drlppinf. . . 

Margarine, . . 

Goose lat, . . 

Bone fat, . . . 

Palm oil, . . . 
Cacao batter, . 



0. Fluid Wajibs— 

Sperm oil, . , . . 
BoUlenoee oil, . . 

H. Solid Waxes— 
Spermaceti, . . . 
Benwaz, .... 
CarnaOba wax, . . 

1. U|ICLA88BI>-^ 

Shark-liTer oil. . . 
Wool fat (suiot), 
OllTO-kernel oil, . 
X^asioroil, .... 
JafMinese wood oil, 
Japan wsx, . . 
Mjrtle wax, . . . 
Blown rape oil, . . 
Colophonj, . . . 



Obsbbybs. 



8. 

V. 

V.,M. 

Davies. 

V.JI..A. 



V. 
BftYies. 



a,D.M LA. 
V. 

a 



a 
a.D. 



V- 



A.| ▼«• JB«| / 



v., LA. 



a.D., A. 

A.,LA.,D. 



H. 

HyHl.,A. 
HL,V.,H.,LA. 



A. 

V. 

V. 

a.D.,A.,V. 

f>aviea. 

H.,HI.,V.,A. 

D.,A. 

LA.. A. 

H..A.,D. 



No. OF 
Samplks. 



s 
1 

8 

8 



T 



7 

9 

2 

latve 

2 
8 

I 



10 
6 



8 
large 



Pbrcrntaob op 

KHOroR 
Saponipicatioii. 



181 to 19-6 
19-1 to 19-6 
18-98 to 19-28 
19*47 to 19111 
19-18 to 19-68 
19-66 

19-00 to 19-24 
19-10 10 19-66 



ni» to 17-90 ^ 
17-02 to 17*64 
174 
17-82 




18-91 to 21*82 

19-20 

18-6 to 18-78 

18-9 tot9-6 

19-81 

18-85 to 22-44 

tl'60 to 21-88 



82^6 to 28*24 
24-92 to 26*84 ) 
> 24-76/ 



22*U0toS 



19*20 to 19*65 
19 82 to 19-80 
19-65 to 19-70 
19-85 to 19 65 
19-26 

19-09 to 1971 
19*68 to 20 25 
^-98 



12-84 to 1474 
12-80 to 18^ 



J2-78 to 181K 
9-2 to 97 
7-90 to 8-61 



14-OQ to 19-76 

17-UO 

18-85 

17-60 to 18-18 

21-1 

21 -Of to 22^ 

20:57 to 21-17 

19-8 to 20-4 

17-0 to 19-8 



Saponifica- 

Tiim 
Equivalent. 



285 to296 



818' to I 



! to( 



250to8Q6 



241 to288 
208 to2S5 



277 to294 



880 to 454 
419 to 456 



482.to441 



284 to 400 

880 

298 

809 to 819 

266 

252 to 267 

265 to *i78 

275 to 284 

290 toSSO 



66 FIXED OILS AND FATS. 

On inspecting the results recorded in the foregoing table, it appears 
that tbe members of Group A, consisting of olein with comparatively 
little stearin or palmitin, neutralise appreciably equal quantities of 
potash, whether of animal or vegetable origin. On the other hand, 
the members of Group B, all of which are derived from cruciferous 
plants, neutralise sensibly less alkali than those of Group A, a fact 
which is explained by the presence of a considerable proportion of the 
ester of erucic acid, or other higher homologues of oleic acid. In the 
case of the drying oils, the saponification equivalents are not charac- 
teristic, but they point to the probability of linolic acid having a higher 
molecular weight than that commonly attributed to it. The marine 
animal oils, Group I>, do not yield very characteristic results, except 
in contrast with the figures of Group G, the members of wiiich do not 
contain tritenyl, but consist essentially of esters of monatomic alcohols. 
Porpoise oil is remarkable for the notable proportion of valerin con- 
tained in it, and hence fur its comparatively high neutralising power.^ 
Of the solid fats, those of Group E resemble porpoise oil in contain- 
ing esters of lower fatty acids, and hence possess lower saponification 
equivalents than the oils of Group F, which consist essentially of 
variable mixtures of palmitin, stearin, and olein. 

The peculiar constitution of the true waxes (Group H) is indicated 
by their limited power of neutralising alkali, while the figures recorded 
for the unclassed oils are equally instructive, and are discussed at 
greater length in the special sections dealing with these bodies. 

As hydrocarbon oils do not react with alkali, the proportion of these 
oils in admixture with fatty oils can be deduced from the amount of 
alkali requisite for the saponification of the sample. Thus, if a sam- 
ple of so-called linseed oil require only 9*5 per cent, of KHO for its 
saponification, instead of 19*0 per cent., it may be assumed to contain 
60 per cent, of hydrocarbon oil. 

The JDetermination of the Saponification Eqvivalent of an oil is beat 
effected in the manner described by Koettstorfer (Zeita, AnaL Chem.^ 
1879, p. 199), who applied it originally to the analysis of butter. The 
following are the details of the operation : — About 2-6 grm. of the 
sample, accurately weighed, are treated with 2$ c.c. of approximately 
seminormal solution of potassium hydroxide in alcohol,' in a flask 

^ Aq ester of yaJerio aeid also exists to a Qonsiderable exlent in whale oil, blackfish oil, 
and dolphin oil. Cheyreol obtained from the last-named oil as mach as 20*9 per cent, of 
valeric acid. 

* The alooh<A employed for making the solution should be previously ilehydrate.d by 
keeping it over an excess of dry potassium carbonate. Methylated spirit may be used if 
it be first distilled with a little caustic potash. 
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fitted with a loDg vertical tube. The flask is heated on the water-bath 
for about half an hour, or until complete solution of the fat takes place, 
and the saponification is judged to be complete. The operation is 
greatly expedited by subjecting the contents of the flask to frequent 
agitation. One c.c. of an alcoholic solution of phenolphthalein is then 
added, and the liquid titrated with seminormal hydrochloric acid ; 
25 c.c. of the potassium hydroxide solution, very carefully measured, 
should then be similarly treated without addition of fat, and titrated 
with hydrochloric acid in the same way as before. The difference 
between the volumes of standard acid used in the two testings gives 
the number of cubic centimetres corresponding to the alkali neutral- 
ised in saponifying the oil. Each cubic centimetre of seminormal 
hydrochloric acid (= 18*25 grm. HCl per litre) thus employed repre- 
sents 0*02805 of KHO, whence the percentage of potamum hydroxide 
required to saponify the oil can readily be ascertained. The aaponi- 
Jicaiion equhialent of the oil is found by dividing the weight of the sam- 
ple employed, expressed in milligrams, by the number of cubic 
centimetres of normal (not seminormal) acid corresponding to the 
alkali neutralised by the oil. If the percentage of potash required be 
known, the saponification equivalent can be found by dividing this 
percentage into 5610. 

A further refinement of Koettstorfer*s process consists in ascertain- 
ing separately the amounts of alkali required for neutralising the free 
fatty acids and for saponifying the neutral esters of the sample. A 
notable instance of the value of this mode of examination is the 
assay of beeswax by Hehner's method. It should always be em« 
ployed when a wax or other substance difiicult to saponify is under 
treatment. 

In employing this method of examining fatty oils, it is necessary to 
use alcoholic alkali as free as possible from color, as any yellow or 
brownish tint materially afiTects the delicacy of the acid-reaction with 
phenolphthalein ; under favorable conditions, the change from pink to 
yeHow is very sharply marked. Carbonic acid, however, seriously in- 
fluences the reaction; and hence the saponification and titration 
should be conducted with as little access of air as possible. It is abso- 
lutely necessary to ascertain the strength of the alcoholic alkali from 
day to day, as such solutions rapidly alter, and the mere heating is 
liable to cause a slight change in the neutralising power. Standard 
sulphuric acid cannot be conveniently substituted for the hydrochloric 
acid recommended for the titration, as its employment causes a precipi- 
tation of sulphate, which masks the end of the reaction. 
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Distillation Process. — A useful method of examioiug fats and 
oils iWDsists in deteriQiniiig the amount of alkali required to neutralise 
the volatUefaUy cuMs. This method of examination is due to Hehner 
and Angell, and was developed by Beichert, by whose name it is usually 
known. Its value has been fully confirmed, but as the process is an 
arbitrary one, only about four-fifths of the entire volatile fatty acids 
obtainable from butter being found in the distillate under the condi- 
tions of operation, it is necessary to adhere to the following procedure : — 
Saponify 2*5 grm. of the fat with 25 c.o. of approximately semioormal 
alcoholic potassium hydroxide, by heating it in a closed bottle or flask 
fitted with a long tube, as described on plage 56. Transfer the product 
to a porcelain basin, and evaporate off the alcohol completely at a steam 
heat. Dissolve the residual soap in water, add dilute sulphuric acid 
in slight excess, dilute the liquid with water to 75 cc, add some frag-» 
ments of pumice coiled round with platinum wire, and distil gently till 
50 C.C. have passed over. Filter the distillate, if not quite free from 
white flakes or oily globules, wash the filter with a little hot water, 
and titrate 'the clear solution with decinormal caustic alkali, using 
phenolphtrhalein as an indicator.' The number of cc of r^ alkali 
required is called the "Reichert number" of the substance. 

The following table shows the results yielded by several substances 
when asiiayed by the distillation process. In the first column of 
figures is given the number of centimetres of decinormal alkali 
required to neutralise the volatile acids in the distillate from 2*5 grm. 
of oil, and in the second the parts of potassium hydroxide neutralised 
by the distillate from 100 grm. of oil. The second number is obtained 
by multiplying the first by 0*2244. 

It is evident that the fats of milk (butter-fats) are distinguished 
from nearly all other fats by the large proportion of esters of the 
soluble volatile fatty acids. The most remarkable exception is that»of 
porpoise oil, and sometimes whale oil; from the former the writer 
obtained 5 per cent and Chevreul as much as 9*63 per cent, of valeric 
acid. Valerin appears to replac^ in porpoise butter the butyrin of 
the butter of terrestrial mammals. 



' When the aeidalated 60»p from cooonat or palmnat oil is diatilled, a notable propor- 
tion of laario aoid panes over and solidifies in the oondenser or on the surface of the dis- 
tillate. This should be removed by filtratioOi or the distillate will be fonnd to neutralise 
so large a Tolume of alkali as oonslderably to diminish the practical value of the process, 
especially as a means of distinguishing butter from butter-substitutes. By adding water 
to the contents of the retort, again distilling, and repeating this process sereral times, a 
Very considerable proportion of rolatile fatty acids can be obtained from coconut oil. 
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SOUTAXCBfc 



Batter- or Milk-&t ; Cow's, 



It u EW6 8, • • 

„ „ Goat'a, . . 

„ „ Porpoise's, 

Gboonot oil, 

PlalmDiit oil, 

Palm oil, 

Cacao butter, 

MargariDe 

Whale oil, 

Porpoise oil, 

Sperm oil, 

BotUenoee Oil, 

Menhaden oil, . . 

Codliveroil, 

Sesame oil, 

Cottonseed oil, 

Castor oil, 



Cubic 
cbmtixbtbb8 
OF-rv Alkali 

REQUIBXDi. 



12-6-16-2 



13-7 

13-6 

11-3 

3-5-3-7 

2-4 

0-8 
16 

3-7 
32-5 
11-12 

1-3 

1-4 

1-2 
11-21 

2*2 

0-3 

1-4 



KHO 
Rbquiexd bt 
100 C.& OF Oil. 



2-80h3-41 



307 

305 

2-61 

0-78-0'85 

0-54 

0-18 

0-36 

0-04-0-36 

063 

2-80 
2-47-2-69 

029 

0-31 

0-27 
0-24-0-47 

0-48 

007 

0-31 



Obskbtsb. 



Beichert, Cald- 
well, Moore, 
Allen, &C. 

Schmitt. 
»t 

Allen. 

Reichert, Moore, 
Allen. 

Allen. 

Moore. 

Caidwell, 

Moore, Allen. 
Allen. 

f» 

ft 



Moore. 
Allen. 



Meissl employs double the qnanti^of fiit (5 grm.) for the determination, and 
obtains a fignie abont 2*2 times as great as that of Reichert. Wollny (J. S, C. /., 
1887, 831) has pointed ont the following soaroes of error in the process :~(1) Ab- 
sorption of carbon dioxide daring the saponification, introdncing an error ap 
to 10 per cent; (2) formation of esters daring the saponification, causing a loss 
of 8 per cent. ; (3) formation of esters daring the distillation, with a posdble 
loss of 6 per cent. ; (4) coherence of the fatty acids daring distillation, which 
may, in some cases, involve loss np to 30 per cent. ; (5) the form and sise of the 
distillation apparatus and the rate of distillation, which may influence the result 
to the extent of 5 per cent. 

The following official process of the A. O. A. C. is essentially the method as 
reoommended by Wollny. The extent, however, to which the results may be 
influenced by the above-mentioned sources of error has been shown to be greatly 
overestimated. 

Appabatus akd Rbaoknts. 

Sodium hydroxide iolution, — One hundred grm. of sodium hydroxide aredis* 
solved in 100 c.c. of distilled water. The sodium hydroxide should be as free as 
possible from carbonates, and be preserved out of contact with the air. 

Alcohol, of about 93 per cent., redistilled with sodium hydroxide. 

Add. — Solution of sulphuric acid contaioiug 25 c.c. of strongest sulphuric 
add in 1000 c.c. of water. 
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Barium hydroxide. — An aocorately standardized, approximately decinormal 
solution of barium hydroxide. 

Indicator.—One grm. of phenolphthalein in 100 cc of aloobol. 

Saponification flasks, of from 250 to 300 cc. capacity, of hard, well-annealed 
glass, capable of resisting the tension of alcohol yapor at 100^ C. 

Prpet^e graduated to deliver 40 cc 

DistiUing apparatus. 

Burette. — An accurately calibrated burette, reading to tenths of a cubic cent!- 
jaetre. 

DbtIebmixatioh 

Weighing the fat. — The butter or fat to be examined should he melted and 
kept in a dry, warm place, at about 60^ for two or three hours, until the water 
and curd have entirely settled out The clear, supernatant iat is poured off and 
filtered through a dry filter-paper in a jacketed funnel containing boiling water. 
Should the filtered fat, in a fused state, not be perfectly clear, it jnust be filtered 
a second time. 

The saponification flasks are prepared by thoroughly washing with water, 
alcohol, and ether, wiping perfectly dry on the outside, and heating for one hour 
at the temperature of boiling water. The flasks should then be placed in a tray 
by the side of the balance and covered with a silk handkerchief until they are 
perfectly cool. They must not be wiped with a silk handkerchief within fifteen 
or twenty minutes of the time they are weighed. The weight of the flasks hav- 
ing been accurately determined, they are charged with the melted fsX in .the 
following way : — 

The pipette with a long stem, marked to deliver 5*75, is warmed to a tem- 
perature of about 50°. The &t, having been poured back and forth once or twice 
into a dry beaker in order to thoroughly mix it, is taken up in the pipette and 
the nozzle of the pipette carried to near the bottom of the flask, having been 
previously wiped to remove any adhering fat, and 6*75 cc of fat are allowed to 
flow into the flask. After the flasks have been charged in this way they should 
be re-covered with the silk handkerchief and allowed to stand fifteen or twenty 
minutes, when they are again weighed. 

Saponification. — Ten cc. of 95 per cent, alcohol are added to the fat in the 
flask, and then 2 cc. of the sodium hydroxide solution. A soft cork stopper is 
now inserted in the flask and tied down with a piece of twine. The saponifica- 
tion is then completed by placing the flask upon the water- or steam-bath. 
During the saponification, which should last one hour, the flask should be gently 
rotated from time to time, being careful not to project the soap for any distance 
up to its sides. At the end of an hour the flask, after having been cooled to 
near the room temperature, is opened. 

Removal of the alcohol. — The stoppers having been laid loosely in the mouth 
of the flask, the alcohol is removed by dipping the flask into a steam-bath. The 
steam should cover the whole of the flask except the neck. After the alcohol is 
nearly removed, frothing may be noticed in the soap, and, to avoid any loss from 
this cause or creeping of the soap up the sides of the flask, it should be removed 
from the bath and shaken to and fro until the frothing disappears. The last 
traces of alcohol vapor may be removed from the flask by waving it briskly, 
mouth down, to and fro. 
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"Dluoloing the Map.<^A(ler the removal of the alcohol the soap should be dis* 
•olved by adding 100 cc. of recently boiled distilled water, warming on the 
steam-bath with occasional shaking until solution of the soap is complete. 

Setting free the fattjf adds. — When the soap solation has cooled to about 60^ 
er 70^, the fatty acids are separated by adding 40 cc. of the dilute sulphuric 
acid solution mentioned above. 

Melting the faUg acid emuleion. — ^The flask should now be stoppered as in the 
^Tst instance, and the fatty acid emulsion melted by replacing the flask on the 
steam-bath. According to the nature of the fat examined, the time required for 
the ftasion of the fatty acid emulsion may vary from a few minutes to several 
hours. 

Distillation. — After the fatty acids are completely melted, which can be deter- 
mined by their forming a transparent oily layer on the surface of the water, the 
flask is cooled to room temperature, and a few pieces of pumice-stone added. 
The pumice-stone is prepared by throwing it, at a white heat, into distilled 
water, and keeping it under water until used. The fla?k is now connected with 
* glass condenser, slowly heated with a naked flame until ebullition begins, and 
then the distillation continued by regulating the flame in such a way as to col- 
lect 110 cc. of the distillate in, as nearly as possible, thirty n^iuutes. The 
distillate should be received in a flask accurately marked at 110 cc. 

Titration of the volatile acide, — The 110 cc of distillate, after thorough mix- 
ing, are filtered through perfectly dry filter-paper, 100 cc of the filtrate poured 
into a beaker holding froin 200 to 250 cc, 0'5 cc phenol phthalein solation 
add^d, and decinormal barium hydroxide run in until a red color is produced. 
The contents of the beaker are then returned to the measuring flask to remove 
any acid remaining therein, poured again into the beaker, and the titration con- 
tinned until the red color produced remains apparently unchanged for two or 
three minutes. The number of cubic centimetres of decinormal barium hydroxide 
required should be inci'ieased by one-tenth. 

Alkali-iflycerol method, — The following process, originally devised by Leffmann 
and Beam for the saponification of butter and butter substitutes, is applicable to 
fots and waxes generally and will be found accurate and convenient. The 
dtatement made by some of the members of the A. O. A. C. that the glycerol is 
liable to be converted into salts of volatile acids has been disproved by several 
Investigators. 

The following reagents are required : — 

Olpcerot'Boda. — One hundred grm. of pure sodium hydroxide are dissolved in 
100 cc. of distilled water and allowed to stand until clear. Twenty cc of this 
$plution are mixed with 180 cc. of pure concentrated glyceroL The mixture 
can be conveniently kept in a capped bottle holding a 10 cc pipette with a 
wide outlet. 

Sulphuric aeid. — ^Twenty cc of pure concentrated sulphuric add made up with 
distilled water to 100 cc 

Barium hydroxide, — An approximately decinormal, accurately standardized 
aolution of barium hydroxide. 

Indicator, — An alcoholic solution of phenolphthaleln. 

In the case of butter, about 60 grtn. of the sample are placed in a beaker 
and heated to a temperature of 60^ to 60^ C. until the water and the curd have 
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settled to the bnttom. The clear fat is then poared on a wann dry, plaited 
filter and kept fn a warm plaoe until 25 or 30 c.o. have been collected. If the 
filtrate is not perfectly clear, it should be reheated for a short time and again 
filtered. 

A. 300 C.C. fiask is washed thoroughly, rinsed witli alcohol and then with 
ether, and thoroughly dried by heating in the water oven. After cooling, it is 
allowed to stand for about fifteen minutes and weighed. A pipette, graduated 
to 5'75 C.C., is heated to about 60^ C. and filled to the mark with the well-mixed 
fat, which is then run into the flask. After standing for about fifleen minutes, 
the flask and contents are weighed. Twenty c.c. of the glycerol soda are added 
aud the flask heated over the Bunsen burner. The mixture may foam some- 
what ; this may be controlled and the operation hastened by shaking the flask. 
When all the water has been driven off, the liquid will cease to boil, and if the 
heat and agitation be continued for a few moments complete saponification will 
be effected, the mixture becoming perfectly clear. The whole operation, exclu- 
sive of weighing the fat, requires less than flve minutes. The flask is then 
withdrawn from the heat and the mixture dissolved in 135 c.c. of water. The 
first portion of water should be added drop by drop and the flask shaken between 
eiich addition in order to avoid foaming. When solution has taken place, 5 c.c. 
of the dilute sulphuric acid are added, a piece of pumice dropped in, and the 
liquid distilled until 110 c.c. have been collected. The condensing-tube should 
be of glass and the distillation conducted at such a rate that the above amount 
of distillate is collected in thirty minutes. 

The distillate is usually clear ; about 0'5 c.c. of the phenol phthalctn solution 
are added and the standard barium hydroxide run in from a burette until a red 
color is produced. If the distillate is not clear it should be thoroughly mixed, 
filtered through a dry filter, and 100 c.c. taken, the reading of the burette being 
increased by one-tenth. 

A blank experiment should be made to determine the amount of decinormal 
alkali required by the materials employed. With a good quality of glycerol 
this will not exceed 0'5 c.c. 

Bromine and Iodine Absorptions of Fixed Oils. 

Another method of diflTerentiatioD based on the chemical constitu- 
tion of the fats and oils is the determination of the amount of bromine 
or iodine taken up under conditions intended to ensure the formation 
of additive compounds only. The fatty acids of the acetic series are 
saturated bodies, and do not form additive compounds with iodine or 
bromine, while the acids of the acrylic series combine with two atoms 
and those of the propolio series with four atoms, as expressed by. the 
following equations : — 

Stearic Acid, CigHjeOj, does not combine with bromine or iodine. 
Oleic Acid, C,8H3402, forms Ci8H,4Br20a, and CigHs*!,©!. 
Linolic Acid, CisHa^O,, forms daHs^BriOa, and C,8Hs,r40«. 
Ltnolenic Acid, CwHjoO,, forms CigHjoBreO^, and CisHaoUOt. 
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The esters of the acids of these series behave similarly, so that a 
determination of the percentage of bromine or iodine assimilated gives 
a measure of the proportion of olein against palmitin and stearin in a 
fat, and of the linolin of a drying oil as compared with the olein of a 
nun>-drying oil. 

Bromine- Absorptions have been determined by Mills, Suodgrass, 
aad Akitt (Jour. Soe. Chem. Ind., ii. 435; iii. 366), the method of 
operating ultimately adopted being briefly as follows: — About 0*1 
grm. of the oil, previously deprived of all trace of moisture by heating 
or filtration through paper, is placed in a stoppered bottle of about 
100 cc. capacity, and*dis3olved in 60 c.c. of carbon tetrachloride, pre- 
viously dried by calcium chloride. An approximately deciuormal 
solution (8 grm. per litre) of bromine in dry carbon tetrachloride, 
having an exactly known strength, is then added gradually to the solu- 
tion of oil, until there is, at the end of fifteen minutes, a permanent 
coloration. This is compared with a coloration similarly produced in 
a blank experiment, and thus a measure of the bromine-absorption is 
obtained. If great accuracy be desired, an excess of bromine may be 
used, aqueous solution of potassium iodide and starch added, and the 
solution titrated back with a standard solution of sodium thiosulphate; 
or the excess of bromine may be determined by titrating back with a 
standard solution of )9naphthol in carbon tetrachloride, which reacts 
with bromine in the ratio Br, : doHsO. 

When the brominated product has a yellow color, as happens with 
some fish oils, the point at which the bromine is in excess is best ob- 
served through a solution of neutral potassium chromate. 

Iodine-Absorptions have been determined by Baron Hiibl (DingL 
Polyt, Jour.f ccliii. 281 ; Jour. Soe, Chem. Ind., iii. 641), who, for sev- 
eral reasons, prefers this estimation to that of the percentage of bro- 
mine assiinilated. When employed alone, iodine reacts very slowly, 
and hence HUbl uses an alcoholic solution of iodine in conjunction 
with mercuric chloride, in the proportion of 1 molecule (I,) of the for- 
mer to at least 1 (HgCI,) of the latter. It is prepared by dissolving 
25 grm. of iodine in 500 c.c. of nearly absolute alcohol (free from fusel 
oil), and 30 grm. of mercuric chloride in an equal measure of the same 
solvent. The latter solution is filtered, if necessary, and then added 
to the tincture of iodine. The mixed solution should be allowed to 
stand for twelve hours before being used, as, owing to the presence of 
impurities in the alcohol employed, it is liable to undergo considerable 
reduction in strength, and must in all cases be restandardised imme. 
diatelj before or after use. The strength is ascertained by titration 
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with decinormal solution of sodium thio^ulphate, which in its turn is 
set by a solution of resublimed iodiue in the usual way. The mercurial 
iodine solution reacts with ease at ordinary temperatures on either free 
unsaturated fatty acids or their esters to form chloro-iodo-addition 
products, the total proportion of halogen assimilated being estimated 
in terms of iodine. 

To determine the iodine-absorption, from 0'2 to 0*3 grm. of drying 
oil, 0'3 to 0*4 of non-drying oil, or from 0*8 to 1*0 grm. of fat, should 
be weighed accurately, and dissolved in 10 c.c. of chloroform. The 
solution is mixed in a stoppered flask with 20 c.o. of the standard solu- 
tion of iodo-mercuric chloride, and if the liquid is not quite clear after 
agitation a further addition of chloroform is made. If the mixture 
becomes decolorised, or nearly so, after standing a short time, a further 
addition of 5 or 10 c.c. of iodine solution must be made. To ensure 
accurate results, the excess of iodine must be considerable, and hence 
the liquid ought still to be quite brown after standing for two hours' 
After that time, from 10 to 15 c.c. of a 10 per cent, aqueous solution 
of potassium iodide should be added, and the whole diluted with about 
150 c.c. of water. The free iodine, part of which exists in the aqueous 
and part in the chloroformic solution, is then determined by titration 
with thiosulphate, the contents of the flask being frequently agitated* 
and starch solution being added just before the end of the reaction. 
A blank experiment with the same quantities of chloroform, iodine 
solution, &c., is made side by side with the actual test, so as to correct 
for any impurities in the reagents and to ascertain the true strength 
of the iodine solution. The difference between the volume of thiosuU 
phate used in the blank experiment and that required in the experi- 
ment in which the oil was employed is then calculated into its 
equivalent of iodine, and this to units per cent, of the oil. 

The product formed by the action of iodo-mercuric chloride on pure 
oleic acid is a greasy substance, which is colorless at first, but gradu- 
ally turns brown from liberation of iodine. Determinations of the 
chlorine and iodine, as also of its saponification-equivalent, show the 
compound to be a chloriodostearic acid of the formula CisHmICIOs. 
The similar products formed by the action of the iodine solution on 

1 HUbl fouod that with free fatty acids the reaction is complete with only a small excess 
of iodine, but with fats or oils a larger excess must be employed, or the results will be Uhi 
low. In presence of a sufficient excess of iodine, variations in the concentration of the 
fatty solution and in the amount of mercuric chloride present do not affect the results 
The reaction should be allowed to continue for at least two hours (or, according to Areh- 
butt, six hours)|' 
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&t8 and oils are colorless, viscous, or resinous masses^ which in general 
resemble the original substances. In order to render the whole of the 
iodine available, the presence of mercuric chloride in a ratio not less 
than HgOIs : !« is essential. 

The following table shows most of the results of Mills, Hubl, and 
others in juxtaposition. The bromine-absorptions found by the first 
chemist have been calculated into the equivalent percentages of iodine, 
so as to allow of more ready comparison with the direct iodine-absorp* 
tions of Hubl and others. The iodino-absorptions can be calculated 
into the equivalent percentages of olein by multiplying them by the 
£EU3tor 1'152. Later and more accurate figures for the iodine abaorp* 
tion of various oils will be found in the tables of properties of oils* 



SUBSTAVCS. 



Almond (sweet), 
Almond (bitter), 
Peach'kemel, . 
Apricot-kerne], 
Olive-keniel, « 
Olive, .... 
Earth-nut (Aiacbis), 
Rape, 



Cottonseed, . . 
Poppyseed, . . 
Nigeraeed, . . 
Linseed (raw). 
Linseed (boiled), 
Gastor, .... 
Menhaden, . . 
Cod-liTer, . . 
Ling-liyer, . . 

Seal, 

WhflAe, .... 
Bottlenose, . 
Sperm, .... 
Neatsfoot, . . . 
Ptalm, .... 
Coconut, . . . 
Cacao-butter, . 
Japan wax, . . 
Bntter.fat, . . 
Kai^irine, . . 

Tallow, . . . 
Beeswax, . . . 
Carnaiiba waz^ 



Bromikb- 
Absorptiok; 

FKB CBMT. 

Mills. 



63-7 
26-3 
25-4 

7oaj 

54-0-00-6 • 
46-8 
69-4 
47-4 
600 
56-5 

76-0 

102-4 

68*3 

81^-86-7 

82-4 
57-3-69-9 

50-9 

48-7 



34-8-35-4 
5-7 

1 •6.2-3 

24-5-27-9 

36-3-39-7 

37-3 

0-(M)-64 
33-6 



lODIVB-ABSORkTION ; P«B CENT. 



■5- Br-AbaorptioD. 



85-3 \ 
41-8 J 
40-4 

aii-it 

66-9-96-4 
73-3 
110-4 
75-2 
79-6 
89-9 

i20-'8 

162-8 

92-7 

129-5-i37-6 

131-0 

01-2-95 3 

80-9 

77-4 



65-3-^-3 
91 

2-4-3-7 

38-9-44-4 

67-7-63-1 

69-3 

00-0-86 
63*3 



HUbl. 



97-5-98 -9 

99-102 

81-8 

81-6-84-5 

101-105 

97-105 

105-108 

106-108 

135-137 

156-160 

148 
84 •0-84-7 



660 

60-4-52-4 

8-9 

34 

4-2 

26-0-351 

55-3 

69-0 

400 



Other 
OUerven. 



98'1* 



83*0» 
87*4* 

101-104*t 
102-7* 

106-109r't 
134-0* 
132 -91 
165-2* 

84 -3t 
147 -91 



80-4t 
84-3t 
71 -91 
50-3* 
8-9* 



19-5-38-0' 
50-0» 
61*9» 



VOX*. II.— 5 



• B. W.Moom tL-Archbott. XT.Haben. 
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These figures iodicate that the drying oils assimilate the largest 
proportions of the halogens, and this capacity might be employed as 
a measure of their drying power. 

Hiibl states that chemically pure oleic acid assimilates from 89 8 to 
90*5 per cent, of iodine, the theoretical proportion required for the 
reaction CwHj*©, + I2 = CwHjJjO, being 9007 per cent. On the 
other hand, most of the non-drying vegetable oils assimilate a notably 
larger proportion of iodine than corresponds to the percentage of olein 
present, and the difference cannot in all cases be attributed to the pres- 
ence of linolin or its homologues. Mills states that olive oil, purified 
by filtration after long deposition in the cold, washing, and drying 
over oil of vitriol, assimilated 64 per cent, of bromine, against 54*3 
per cent, theoretically required to form the brominated compound 
C,H5(C„H„BrA).. 

Hubl's figures, showing a lower iodine absorption for boiled than 

for raw linseed oil, have been confirmed by later investigations. 

R. Williams (Analyst, 1895, 276) gives the following figures for 

boiled linseed oil : — 

Thih. Thin. Stout. Very Stout. 

Iodine absorption, . 176*1 per cent 163 per cent. 99*5 per cent. 96*9 per cent. 

Acetyl Value.— The determination of acetyl value proposed by Benedlkt is 
based npon the principle that hydroxy acids, on being heated with acetic anhy- 
dride, exchange the hydrogen atom of their hydroxy 1 groap or groaps for the 
radicle of acetic acid. The determination is carried oat by heating the free fiitty 
acids with acetic anhydride. (See uoder " Fatty Acids.'') Lewkowitsch has 
pointed out several objections to this method and recommends a method based 
npon treatment of the original oil or fat The procedure is as follows : — 

Boiled with an eqnal Yolame of acetic anhydride for two boors in a round- 
bottomed flask attached to an inverted condenser, the mixture is then trans- 
ferred to a laTge beaker, mixed with several hnndred c.c. of water, and boiled 
for half an hour. A slow current of carbon dioxide should be passed into the 
liqnor through a finely drawn-out tube reaching nearly to the bottom of the 
beaker ; this is done to prevent bumping. The mixture is allowed to separate 
into two layers, the water is siphoned off, and the oily layer again boiled out in 
the same manner until the last trace of acetic acid is removed. This is ascer- 
tained by testing with litmns paper. The acetylated product is freed from 
water and finally filtered through filter paper in a drying oven. 

This operation may be carried out quantitatively, and in that case the wash- 
ing is best done on a weighed filter. On weighing the acetylated oil or fjett, an 
increase of weight would prove that a^imilation of acetyl groups has taken place. 
This method may be found useful to ascertain preliminarily whether a notable 
amonnt of hydroxylated acids is present in the sample under examination. 

Two or 4 grm. of the acetylated substance are saponified by means of aloo- 
.bolic potish solution as in the determination of the saponification value. If 
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the "difltillation process" be adopted it is not neoessaiy to work with nn 
aocarately meastired quantity of standardised alcoholic potash. In case th^ 
''filtration process" be used, the alcoholic potash most be measured 
exactly. (It is, however, advisable to employ in either case a known volame of 
standard alkali, as one is then enabled to determine the saponification valne of 
the acetylated oil or fat.) Next the alcohol is evaporated and the soap dissolved 
in water. From this stage the determination is carried ont either by the (a) 
"distillation process" or (b) ** filtration process." 

(a) Distillation Process, — Add dilate sulphuric acid (1 : 10)j more than suffi- 
cient to saturate the potash, and distil as usual in Reichert's distillation pro- 
cess. Since several one hundred c.c. must be distilled off, either a current 
of steam is blown through the suspended fatly acids or water is run into the dis- 
tilling flask, from time to time, through a stoppered Ainnel fixed in the cork,, or 
any other convenient device is adopted. It will be found quite sufficient to 
distil over 500 to 700 cc, as the last 100 c.c contain practically no acid. 
Filter the distillates to remove any insoluble acids carried over by the steam, and 
titrate the filtrates with decinormal potash, phenolphthalein being the indicator. 
Multiply the number of cc. by 5*61 and divide the product by the weight of 
substance taken. This gives the acetyl value. 

(ft) Filtration Process. —Add to the soap solution a quantity of standardised 
sulphuric acid exactly corresponding to the amount of alcoholic potash employed 
and warm gently, when the (ktty acids will readily collect on the top as an oily 
layer. (If the saponification valne has been determined, it is, of course, neces- 
sary to tiike into account the volume of acid used for titrating back the excess 
of potash.) Filter off the liberated fatty acids, wash with boiling water until 
the washings are no longer acid, and titrate the filtrate with' decinormal potssh, 
using phenolphthalein as indicator. The acetyl value is calculated in the toanner 
shown above. 

Both methods give identical results ; the latter will be found shorter. 

The acetyl value indicates the number of milligrams of KOH required for the 
neutralisation of the acetic acid obtained on saponifying 1 grm. of the acetylated 
Ikt or wax. 

In the case of those oils and fats which have a high Reichert value the appar- 
ent acetyl value would be too high, owing to the presence of the volatile acids. 
This influence will, to a greater extent, affect the distillation process than the 
filtration process. To eliminate this error, determine the volatile acids of the 
original oil or fat in precisely the same manner, and deduct the value thus 
obtained from the apparent acetyl value. 

It should be noted that in the case of a fat containing free alcohols (phytos- 
terol, cholesterol), or, in the case of waxes, the acetyl value will be a measure of 
both the hydroxy acids and the free alcohols. If present, acetic acid radicles 
ai^ also absorbed by them. If the free alcohol is isolated its acetyl value may 
be determined as well. The difference between the acetyl value of the fat or 
wax and the acetyl number proportionate to the amount of free alcohol present 
will be the true measure of the hydroxy adds. 

If a free alcohol is acetylated, no complication through formation of anhydrides 
can arise, and in that case simply the saponification value of the acetylated prod- 
uct — ^the acetate of the alcohol — is determined. This ralne is also the acetyl 
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Talne of the alcohol (the aaponiflcation valae of the original aloobol beiag 
nU). 
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II. 


III. 




C.C. 


1 


Castor oU, 




311*2 


160-6 


149-6 


, , 






fi )• 




310-3 


149-9 


149*4 
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3121 
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146-7 
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Cottonseed oil, 




213-3 


24-76 


26-1 










»» »» 




216-6 


• • 


21-1 










»t «» 


III 


214-7 


. , 


21-9 






^ 


3 


Maize oiU 

t» (9 




201-6 


8-75 


8-26 
8-21 






00 




»» M 


III 


200-9 


7-81 


7-9 


7-62 


00 
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Colza oil, . . . 


, , 


192-9 


17-2 


16-6 






6 


Olive oil. 




2031 


12-78 


13-48 


13-48 






i» »» 




204-7 


^ ^ 


1362 


13-44 




6 


Linseed oil, 




208-6 


6-86 


6-92 


6-92 






»i »» 




210 


703 
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, 
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Shark liver oil, 


, , 


, 


, . 


l'7-JB3 
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Animal oil, . . 


, . 


221 


22-04 


23 38 








9 


Horse»s foot oil, 


, 


214 


. 


14-40 








10 


Tallow S.America), 


202-4 


9-62 


9-82 








11 


Beef-marrow, . 


, . 


203-6 


663 


6-64 








»12 


Croton oil, 


I 


236 


40-68 


41-09 










If II 


II 


2371 


40-86 


40-91 










«i II 


III 


240-4 


, , 


63-66 








ns 


Coconut oil, . . 


, , 


• • 


67-29 


, , 








m 


Batter-fat, . . 


•"• 


• • 


46 23 


• • 









Oxidation of Oils— Drying Properties. 

Many of the fixed oiI& thicken on exposure to air, and, under favor* 
able circumBtances, gradually dry up into yellowish, transparent var- 
nishes or 'resins. The oils which possess this property are termed 
drying oils, and contain linolin or its homologues. 

For testing drying properties, a definite number of drops of the 
sample may be placed in a watch glass or flat porcelain capsule, and 
exposed to a temperature of about 100** C. for twelve or twenty-four 
hours, side by side with samples of oil of known purity. Olive oil will 
be scarcely affected by such treatment, and rape oil will only thicken 
somewhat. Cottonseed oil will be (Considerably afiTected, while good 
linseed oil will form a hard skin or varnish, which can ooly with diffi^ 

> Should De accepted wiUi reaerTSi 
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culty be ruptured by pressure with the finger. In some respects, a 
preferable plan is to flood a slip of glass with the oiL to be tested, in 
the manner in which a glass-plate is covered with collodion. The 
glass with the adhering film of oil is then kept at 100^, and the prog- 
ress of the drying watched by touching, at intervals, successive parts 
cf the plate with the finger. Another useful method is to soak a defi< 
nite measure of thick filter paper in the sample of oil, and then expose 
it to 100^ or 130^ C. for some hours, side by side, with samples of oil of 
known purity. 

Livache has shown that the rate of aheorption of oxygen is accelerated by the 
addition of finely divided lead. The following description of the method of 
applying this principle to the examination of oils is taken from Lewkowitsch 
("Chem. AnaL of Oils, Fata, Waxes")* 

The lead-powder is prepared by precipitating a lead salt with zinc, washing 
the precipitate rapidly in snooeesion with water, alcohol, and ether, and finally 
diying in a vacnam. 

The method of operation is as follows : — Spread about 1 grm. of the lead, 
weighed off accurately, on a somewhat large watch-glass in a thin layer, and 
then allow to fall on to it from a pipette 0*6 to 0*7 grm. (not more) of the oil to 
be tested, placing each drop on a different portion of the lead, and taking care 
Xtutt the drops do not ran on to one another. Then allow the watch-glass to 
stand at the ordinaiy temperatnra in a place exposed to light 

Biying oils will be found to have absorbed the maximum quantity of oxygen 
after eighteen hours, or in some cases after three days, whereas non-drying oils 
do not gain weight until the fourth or fifth day. 

The firee fktty acids, with the notable exception of cottonseed-oil acids, 
behave like the oils, i.e., their increase in weight corresponds to the gain in 
weight of the corresponding neutral oils. livache's results are as follows : — 





Oaim in Wbioht of 100 Parts 


Of Oil After 


Of Fatty Acids After 


Two IHiTS. 


Seren Dayt. 


Eight Days. 


Linseed oil, 

Walnut oil, . 

PoppyseedoO, 

Cottonseed oil, 

Beechnut oil, 

Colza oil, 

Rape oil, 


14-3 
7-9 
6-8 
5-9 
4-3 
00 
00 
0-0 
00 
00 


2-9 
2-9 
2-4 
08 
1-7 


110 
60 
3-7 
0-8 
2-6 
2-6 
0-9 
2 
1-3 
0-7 


* *^ » .• " 

Sesame oil, ^ . . 

ArachisoU, ....... 

Olive oU 



To obtain a correct estimation as to the drying properties of an oil, regard 
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must be had not only to the increment in weight, but also to the length of time 
required. Thus, of the two oils in the following table, No. 1 must be considered 
the better, although both finally reach the same absorption of oxygen :— 



No. 
OF Oil. 


Weight 
OF Oil. 


Weight 
OF Lead. 


Gain uf Weight of 100 Parts After 


Ooe Day. 


Three Days. 


Six Days. 


Kine Days. 


1 
2 


3-246 
3164 


1-012 
0-653 


14-4 
2-45 


15-7 
120 


unchanged 
16-9 


unchanged 



Bishop (Abet AnalyH, 105, 1696) calls attention to the fact that Liyache*s 
process is serviceable only in the case of linseed oil ; in other oils the oxidation 
proceeds too slowly. In order to obtain the most rapid oxidation the main 
essential is to have the oil as finely divided as possible, and for this purpose 
precipitated silica is employed. The oxidation is further hastened by the addi- 
tion of manganese resinate. The commercial resinate is purified by treatment 
with ether or petroleum spirit, filtering, and evaporating the ether. The diy 
residue is powdered and kept in a stoppered bottle. 

The method of determining the oxygen absorption is as follows: From 
5 to 10 grm. of the oil are weighed into a dish, and for 100 parts of the oil 
exactly 2 parts of the resinate added ; that is, for 10 grm. 0*2 grm. The mix- 
ture is agitated on the water-bath until the resinate has dissolved and then 
allowed to cooL One grm. of silica is weighed into a flat dish provided with a 
glass stirring rod, and then, drop by drop, by means of a pipette, 1*02 grm. of 
the resinated oil added. The mass is intimately mixed and spread over the 
bottom of the dish, and is left at a temperature of from 17® to 25® C. for drying 
oils and of 20® to 30® C. for other oils. The dish is weighed after six hours 
and twice again in twenty-four hours, and so on until the maximum is attained, 
the mass being stirred after each weighing. The maximum increase in weight, 
multiplied by 100, gives -the<degree of oxidation. The following is a summary 
of the results : — 



Oils. 


Sp. Gr. 


Degbeb of OXIDATIOy. 


Mean Dbobeb. 


Linseed, native, .... 


0-9327 


17-70-16-40 


1705 


laFlata, . , . 


0-9304 


15-45-15- 


15-20 


Hempseed, 


0-9287 


14-55-14-30 


14-40 


Poppy, native, ..... 


0- 


14-50-13-90 


14-20 


Nut, „ 


0- 


1370 


13-70 


Cottonseed with stearin, 


0- 


8-60 


8-60 


„ without stearin 


0- 


9-60-9-30 


9-45 


.Sesame, Senegal, . . . 


0- 


8-95-8-50 


8-70 


„ Indian, .... 


0- 


7-40 


7-40 


Earthnut, African, . . . 


0- 


6-70 


6-70 


„ white, . . . 


0- 


6-50 


6-50 


CJolza, native, ..... 


0- 


6-40 (?) 


6-40 (?) 


„ Indian, 


0- 


5-90-5-80 (?) 
6-30 (?) 


6-85 (?) 


Olive, 


0- 


5-30 (?) 
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Oellatly has pointed out the close relationship which exists between 
the drying properties of oils and their tendency to inflame spontane- 
ously when exposed to the air In a finely divided condition. He found 
that when a handful of cotton- waste is imbued with the oil to be tested, 
and placed somewhat loosely in a paper box in an air-bath kept at 
80^ C., the mass enters into active combustion after a time dependent 
on the nature of the oil used. Thus, with boiled linseed oil infiamma* 
tion occurred in little more than an hour, while raw linseed oil 
required four hours, and rape oil nine or ten to reach the same stage. 
Equal parts of seal oil and mineral oil refused to ignite, and even 
20 per cent, of mineral oil materially delayed the ignition. The 
facts noted by Gellatly are interesting, and some of them have 
been confirmed by Benouard (Jour. Soc. Chem. Ind.^ i. 184) and 
other observers, but the method has no claims to quantitative accu- 
racy. 

Other methods of testipg the oxidisability or drying character of 
linseed oil are described in the section treating of that substance. 

Although frequently grouped as ''drying" and ''non-drying" oik, 
there is no sharp distinction between the two classes. Omitting the 
oils from marine animals, some of which dry rapidly, the chief com- 
mercial oils possess drying properties in the order of the following list, 
the most rapidly oxidisable being placed first : — ^Linseed, cottonseed 
and fancy seed, rape, arachis, olive, animal oleins. 

The tendency of the fixed oils to dry or oxidise is in the direct order 
of their capacity for absorbing bromine or iodine, and of the rise of 
temperature produced on mixing them with concentrated sulphuric 
acid. 

Oxidised Oil. Blowk Oil. Base OiL.^Of late years there 
have appeared in commei'ce certain articles known as " oxidised oils," 
"blown oils," or "base oils." These are produced by blowing 
a stream of air through a fatty oil, — rape, cottonseed, or linseed oil 
being usually chosen for the purpose. A certain initial temperature 
is necessary to start the reaction, but afterwards the heat produced 
by the oxidation is suflicient to maintain the temperature required. 
By proper regulation, products can be obtained which closely simu- 
late castor oil, and equal that body both in density and viscosity. 
Methods of distinguishing blown oils from castor oil are given in the 
section treating of the latter product 

Determination of the Refractive Power. — ^Valuable indica- 
tions as to the purity of fats and oils, especially butter-fat, may occa- 
sionally be gained from the determination of the refractive index. 



72 FIXED OILS AND FATS. 

This may be done by means of Abb6*8 refractometer, observing the 
total reflection which a thin stratum of the liquid placed between 
prisms of a more highly refracting substance produces in transmitted 
light The following description of the method of using the instru- 
ment is taken from the bulletin of the A. O. A. C. : — 

A piece of fine tissne paper, 3 cm. in length by 1*5 cm. in width, is phiced on 
the lower of the two glass prisms of the apparatus. Two or three drops of the 
sample are placed upon the paper, and the upper prisms carefully fixed in poei* 
tion, so as not to move the paper from its place. In charging the apparatus with 
«he oil in this way it is placed in a horizontal position. After the paper disk 
holding the fat is secured by replacing the upper prism the apparatus is placed 
in its normal position and the index moved until the light directed through the 
apparatus by the mirror shows the field of vision divided into dark and light 
portions. The dispersion apparatus is now turned until the rainbow colors on 
the part between the dark and light field have disappeared. Before doing this, 
however, the telescope, the eye-piece of the apparatus, is so adjusted as to bring 
the cross-lines of the field of vision distinctly into focus. The index of the 
apparatus is now moved back and forth until the dark edges of the field of vision 
fall exactly in the intersection of the cross-lines. The refractive index of the 
fat under examination is then read directly upon the scale by means of a small 
magnifying glass. To check the accuracy of the first reading, the dispersion 
apparatus should be turned through an angle of 180^ until the colors have again 
disappeared, and the scale of the instrument again read. These two readings 
should nearly coincide, and their mean is the true reading. 

For butter-fats the apparatus should be kept in a warm place, the tempera- 
ture of which does not fall below 30^. For reducing the results to a standard 
temperature, say 25°, deduct 0*000176 for every degree above that point, since 
as the temperature rises the refractive index falls. The instmment used should 
be set vrith distilled water at 25°, the theoretical refractive index of water at 
that temperature being 1'3330. 

The oleo^refradomder of Amagat and Jean (^Analyst^ 1890, 87) is a 
more convenient and satisfactory instrument for the examination of 
fats and oils. The oil to be observed is introduced into a hollow 
prism, which is immersed in a vessel with parallel sides filled with a 
standard oil. If the refractive power of the sample is the same as 
that of the standard, no deviation of the ray of light traversing the 
apparatus will take place ; but otherwise deviation will occur, which 
can be measured on a micrometer- scale placed on the eye-piece. The 
angle of the prism, the neutral or standard oil, and the division of 
the scale are all arbitrary. The standard oil sold with the instrument 
is sheep's- foot oil. 

The following table shows the differences observed by Jean and 
others when various oils were compared. The purification of the oils, 
when stated, was effected by shaking with alcohol to remove the free 
fatty acids. 
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Dbviatioh. 








AcfDmr. 






HmMAWtvu, 


OWERVBB. 






PuriAed. 


OlWe oil, .... 




Oto + 3 




20 samples 


jMm 


f> n • ■ * * 


• . 


+ 9 


, , 


Very old 


It 


|. jy .... 


• • 


4-lto+3-5 


a • 


105 samples, 
22*»C. 


Pearmain 


Almond oil, . . 




+ 6 


+ 6 




Jean 


»t i» • • 


3-3 


-6 


+ « 


, . 


»i 


»i » • • 


• • 


+ 7 


• • 


• * 


Brayn 

and 

VanLccnl 

Pearmaiu 




• • 


+ 8to + 10-6 


• • 


8 samples, 










22«C. 




Peach-kernel oil, 


• • 


+7-5. +11-6 


• • 


2 samples, 
220C. 


Pearmain 


Arachiaoil, . . 


■ • 


-I-3-5 


+ 3-5 


Rufisqae 


Jean 


II 1* • * 


, , 


H-4-5 


+ 4-5 


, , 


II 


>i yi * * 


44 


-1-4 


+ 4-5 


Gambia 


II 


*y 9f • • 


80 


-f-6 


-f-6-6 


Bonlam 


II 


tf 11 • • 


1-7 


+ 3-5 


+ 3-5 


U F^licie 


If 


»• »» • • 


• • 


+ 6to + 7 




5 samples, 
220C. 


Pearmain 


Teaseedoil, • . 


• • 


4-8 


• • 


25^ C. 


Pearmain 


Rapeseed oil, 


• • 


+ 16to+20 


. • 


8 samples, 
22«C. 

• • 


Pearmain 


It ti • 




-his 


+ 18 


Jean 


j» »» • 


i-3 


+ 16 


+ 18-6 


, . 


n 


}l M • 


lie 


-f 17-6 


H-18 


India 


M 


>» l» • 


+4-6 


+ 17-6 


• • 


• • 


M 


Cottonseed oil, . 


0-4 


+ 20 


• • 


Pale 


Jean 


91 11 * 


0-3 


+ 20 


• • 


Yellow 


n 


„ (crude) 


. • 


-hl6to + 17 


• • 


3 samples, 
22« C. 


Pearmain 


„ (refined) 


• • 


+ 17to + 23 


. • 


6 samples, 
22** C. 


11 


Sesame oil, . . . 


2 


+ 18 


• • 




Jean 


»> i» • • • 


41 


+ 17-5 


• • 


Bombay 


»» 


»« »» • • • 


• , • 


+ 17 


+ 17 


Pale 


^ »» 


•> »}•••-» 


• • 


+ 46 


• • 


• # 


Bruyn 

and 

VanLeent 












II II • • • 


• • 


+ 13to+17 


♦ • 


5 ^mples, 
82*>C. 


Pearmain 
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Acidity. 


Drviation. 


RBMARXe. 


Observsb. 


CommerciaL 


Purified. 


Sunflower oil, . . 




+ 35 




22*»C. 


Pearmain 


Camelinaoil, . . 


• • 


+ 32 


• • 


• • 


Jean 


Beechnut oil, . . 


• • 


+ 16-5 


• • 


• • 


Jean 


Linseed oil, . . 
>» »i • • 

„ (crude) 
„ (refined) 


+1-5 
2-6 

• • 


+ 63 

+ 48 

+ 49to + 51 

+ 48to + 52 
+ 50to + 54 


+ 64 
+ 48 

• • 

• • 


3 samples, 
22'>C. 

6 samples, 
22«C. 


Jean 

_ »» 
Bruyn 

and 

VanLeent 

Pearmain 

II 


Hempseed oil, . 


13-8 

• • 


+ 30 

+ 34 

+34 to +37-5 


+ 32 
+ 33 


4 samples, 
22«C. 


Jean 
Pearmain 


Poppyseed oil, . 
i> II 
If II • 
II II • 
II II 
II II • 


2-5 
2-6 
3-7 

• • 


+ 29 
+ 23-5 

+ 25 
+ 35 
+ 29-5 
+ 30to + 35 


• • 

+ 38 

• • 


■ • 

Very old 

3 samples^ 
22«C. 


Jean 
II 

M 

Pearmain 


Nigerseedoil, . 


• • 


+ 26to + 30 


• • 


2 samples, 
22° C. 


Pearmain 


Walnut oil, . . . 


« ■ 


• • 


+ 35to + 36 


• • 


Jeau 


Castor oil, . . . 
II II • • • 
II II • • • 

II II • • • 
II II • • • 


6-3 
1-4 

■ • 

• • 

• • 


- 
- 

+41t 
+39 


h43 
-46 
f-37 

f-40 
0+42-5 

to +42 


• • 

• • 


• • 
Javan 

Pharmaceu- 
tical 
Indian 

8 samples, 
22° C. 


Bruyn 

and 

VanLeent 

II 

Deering 

and 
Redwood 
Pearmaiu 


Japanwood oil. 


• • 


+ 75 




• • 


Pearmain 



FTXSD OILS AMD FATS. 



75 





AdDtTY. 


Pbviatioii. 


fiBMAaxa. 


Obsbbtsb. 


Commerelal. 


Purified. 


NeatBfootoil, . 

it If • 


• • 


— 3to — 4 

— land— 3 


• • 


• • 

2 aamplea, 

220C. 


Jean 
Pearmain 


T«rdoi], .... 


• • 


+ 6-6 
Oio — 1 


• • 


6 samples, 
22** C. 


Jean 
Pearmain 


TUlowoU, . . . 

it f» • • • 


• • 


— 16 
— land- 6 


• • 


2 samples, 
22** C. 


Jean 
Pearmain 


HoTse-footoU, . 


• • 


— 6to— 13 


. ■ 


. . 


Jean 


Whale oil, . . . 
i> i» • * • 


• • 


+ 30-6 

+42 and +48 


■ • 


2 samples, 


Jean 
Pearmain 


Sealoil, .... 
ft ft • • • . 
ft t 


4-6 

• a 


+ 16 

+ 8 

+d0and+36 


+ 16-6 
+ 12-6 

• • 


Pale 

brown 

2 samples, 

22<>C. 


Jean 

f I 

Pearmain 


Ood-UveroU, . . 
»f It • • 
ft II * • 
II II • • 
•1 II • • 


28-6 
11-2 
11-2 
11 

• • 


+ 46 
+ 63 
+ 38 
+ 60 
+ 40to + 46 


• • 
+ 38 

• ■ 

• • 


• a 

8 samples, 
22«C. 


Jean 
II 
II 

Pearmain 


Shark IWeroU, . 


• • 


+ 29to + 86 


• • 


3 samples. 


Pearmain 


SpennoU, . . . 
tf 11 ... 


6 

3-3 


-17-6 
— 12 


— 17 


. • 


Jean 
11 


Bottlenom oil, . 


• . 


+60 


. . 


. . 


Pearmain 


Batter-fat, . . . 


• • 


—26 to —34 




15 samples, 
45«C. 


Pearmain 


Margarine, . . . 


. • 


—13 to -18 


• • 


7 samples, 
450 c. 


Pearmain 


Lard, 


• • 


—8 to —14 


• a 


10 samples, 
45»C. 


Pearmain 


Tallow, . . . . 




—15 to —18 


a • 


6 samples, 
46«>C. 


Pearmain 


I^raffin (soft), . 


• • 


+54 to +68-5 


a • 


2 samples, 
450 c. 


Pearmain 
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Otber forms of instrameDte nsed for refractometric examUiatioDs are Zeiaa's 
butyro-refractometer, lecommended by Wollny, and Polfrich's lefractometer. 
Tbe latter, like Abbe's instmmeDt, allows of a scientific determination of tbs 
refractive index. 

Temperature-Reactions of Oils. 

The rise of temperature which ensues on treating a fixed oil with 
concentrated sulphuric or nitric acid, or bromine^ is a measure of the 
extent and intensity of the chemical reaction which ensues. The use 
of sulphuric acid was originally proposed by Maumen^ (CompL rend.* 
XXXV., 572). The test has been investigated bj Fehling, Faisst and 
Knauss, J. Muter, L. Archbutt, J. Baynes, and others, who have 
arrived at very different opinions as to its value. The discrepancite 
observed have been due largely to not working under exactly similar 
conditions. Among the sources of error is unnoticed variation in the 
strength of the acid. Maumen6 obtained so much greater rise of tem- 
perature by employing recently heated sulphuric acid that he supposed 
the existence of an isomeric variety of this body. The specific gravity 
of concentrated sulphuric acid was formerly regarded as evidence of its 
strength, but Lunge and Naef have shown that acids of 96 per cent, 
and of 99 per cent., and even of 95 per cent, and 100 per cent., have 
almost exactly the same density. Further, L. Archbutt has found 
that commercial concentrated sulphuric acid varies considerably in 
strength, the samples examined by him ranging from 92*7 to 97*4 per 
cent, of H2SO4, as ascertained by very careful titration with standard 
alkali. He gives the specific gravity of 97 per cent, acid as 1*8440 
at 60^ F. (15-5° C). 

L. Archbutt finds that if the acid employed be much weaker than 
97 per cent, of H2SO4, the increase of temperature is notably less and 
the reaction inconveniently slow. On the other hand, the initial tem- 
peratures of the oil and acid do not afiect the extent of the rise, but 
both should be at the same temperature, or an erroneous result will be 
obtained. The following method of performing Maumen^'s test id that 
recommended by Archbutt, and employed by the writer: — 50 grm. of 
the oil is weighed into a 200 c.c. beaker, and the latter immersed in a 
capacious vessel of water, together with the bottle of strong sulphuric 
acid, until they are both at the same temperature, which should not 
be far from 20"^ C. The beaker containing the oil is then wiped, and 
placed in a cotton -wool nest previously made for it in a cardboard 
drum, or a wider beaker. The immersed thermometer is then observed, 
and the temperature recorded. 10 c.c of the concentrated sulphuric 
acid should then be withdrawn from the bottle with a pipette, and 
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iJlowed to ran into the oil. During the additioD of the acid, which 
should occupy about one tninute, the mixture must be constantly stirred 
with the thermometer, and the agitation continued till no further rise 
of temperature ensues. This point is readily observed, as the indica- 
tion remains constant for a minute or two, and the temperature then 
begins to fall; 

The results obtained from a particular oil are remarkably constant 
when the acid is of a uniform strength, and a defined method of man* 
ipulation is rigidly adhered to, but apparently insignificant differences 
tn the mode of operation result in serious discrepancies in the results. 
Thus, Archbutt observed a rise of 78'5^ when the oil was stirred until 
all the acid was added, and the thermometer then held stationary in 
the middle of the oil, but when the stirring was continued until no 
further rise of temperature was observed, the increase was only 73*5^.^ 

The object sought to be attained b^ Maumen^'s test is a determina- 
tion of the intensity of the chemical action between the oil and^ the 
acid when employed in the proportions prescribed. It is evident that 
there may readily be local overheating, and that the uppermost stratum 
of oil and the froth on the surface are likely to be at the highest tem- 
perature, but the infprmation sought is the maximum temperature 
attained by the iahole mizturef taking care to avoid loss as far as pos- 
sible by surrounding the vessel with a non-conducting medium. These 
conditions are best attained by using a thin vessel, well surrounded 
with cotton- wool, mixing the oil and acid as completely as possible, 
and taking as the true determination the highest temperature indicated 
by the thermometer, and maintained for more than a few seconds, 
ignoring any abnormal temperature which may be momentarily 
reached, but which the rapid fall on more perfect mixing shows to 
have been due merely to local action. 

A simple stirrer may be made with a piece of thin tin-plate, fast- 

1 The effect of stirring has also been obeexred by J. Baynesi who, in a oommuDication 
to the author, reoommends that the experiment should always bo commenced at 20° C. ; 
that the acid should hare a density of 1*845 ; and that the mixture be effected in a cylin- 
der l|-inoh wide, tightly paoked in fibrous asbestos, instead of in a beaker in a nest of 
cotton- wool. He adds the aeid during one minute, stirring continuously, and for a further 
period of Ato seconds only. The bulb of the thermometer is then hold as closely as possi- 
ble to the top layer of the froth, ibr if lowered a considerable fall in the temperature will 
be observed. Should the miztore show a tendency to froth over, it may be kept down by 
•tirring, but the thermometer should be observed before doing so. 

J, Muter first brings the oil and acid to a temperature of 28° C, and operates in a wide 
lube of thin glass mounted on a foot. The acid is added to the oil at the rate of 1 c.c. per 
five seconds, and the stirring continued during the addition, and for thirty seconds ufter- 
wards. 
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ened to the thermometer by passing the bulb of the latter through 
two longitudinal slits in the plate. By rotating the thermometer and 
attached paddle between the finger and thumb, the contents of the 
beaker can be well mixed. 

Owing to the notable difference in the rise of temperature caused by 
comparatively slight variations in the mode of operating, many of the 
recorded figures obtained by Maumene's test have little value. Hence 
it is desirable to compare a sample with one or more oils of known 
purity under exactly similar conditions. The figures in the table 
show the kind of result to be ea^peded from various oils, but they 
must not be relied on too rigidly* 





Rub op Tbm pesaturb wtth Sulphueic Acid ; « a 


MaumeD& 


Baynes. 


Dobb. 


Archbatt. 


Allen. 


Olive oil, 


42 


40 


39-43 


41-45 


41-43 


Almond oil, 


52-54 


35 


. . 






Rape and Colza oils, . . . 


57-58 


60-92 


54-60 


55-64 


51-60 


Arachis oil, 


67 


, , 




47-^ 


. . 


Beechnut oil, 


65 


, , 




, , 


. • 


Sesame oil, 


68 






65 


, , 


Cottonseed oil ; crude, . . 


, 


84 ' 


6i * 


70 


67-69 


Cottonseed oil ; refined, . 


. . 


77 




75-76 


74-75 


Poppyseed oil, 


74 






86-88 




Nigerseed oil, 


, , 


82 ' 




, , 


si ' 


Hempseedoil, 


98 


• . 




. . 


. , 


Walnut oil, 


101 






, , 


, , 


Linseed oil, 


103 


104-124 




• • 


104-111 


Coconut olein, 


. • 








2^27 


Castor oil, 


47 






46 ' 


65 


Lard oil, 










4i ' 


Tallow oil, 


4i44 






, , 


. • 


Neatsfoot oil, 


. , 






43 


. . 


Horsefoot oil, 


51 






• • 


• ■ 


Whale oil ; northern, . . 










91 


Whale oil ; southern, . . 


, 




85-86 


92 ' 


• a 


Porpoise oil, 


, , 






, ^ 


50 


Seal oil, 


, , 






• • 


92 


African fish oil, 


, , 




156 ' 


■ . 


. • 


Shark-liver oil, 


, , 






. • 


90 


Codliveroil, 


102-103 


116 ' 






113 


Skateliver oil, . . . . . 


102 






'. 


. • 


Menhaden oil, 


• • 






123-128 


126 


Sperm oil, 


• • 






51 


45-47 


Bottlenose on, . . 


• • 






42 


41-47 


Oleicacid, 


. • 


• • 


• . 


37J 


38} 
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From these figares it will be seen that with some roiztnres, for in- 
stance, olive with cottonseed oil and rape with linseed oil, the rise of 
temperature with sulphuric acid may aflTord a means of forming an 
approximate estimate of the proportion of ingredients. Thus, if the 
mean rise of temperature with rape oil be taken at 58^, and that of 
linseed oil at 110^ C, a sample giving a rise of 90^, and known to 
consist of a mixture of the two, may reasonably be asserted to contain 
approximately 38'5 of rape and 61*5 of linseed oil.^ 

In the case of linseed and some fish oils, the reaction with sulphuric 
acid is violent. Dilution of the sample with an equal weight of olive 
or lard oil is advisable. 

A valuable improvement in the mode of expressing the results of 
Maumen^'s temperature-reaction has been made by Thomson and Bal- 
lantyne (/. S. C. /., 1891, 233). It consists in ascertaining the rise of 
temperature produced by mixing 60 grm. of water with 10 c.c. of 
strong sulphuric acid in. the same vessel and under precisely the same 
conditions as those used for testing the oil. The tpedfie temperature' 
reaeiion of the oil is obtained by multiplying the rise of temperature 
of the oil-acid mixture by 100, and dividing by the rise of tempera- 
ture of the water-acid mixture. 

The method possesses the great advantage that almost identical re- 
sults are obtained with acids of somewhat different strengths (provided 
they are at least 95 per cent), and hence the figures are much sharper 
and more distinctive. The following are the specific temperature- 
reactions for various oils as observed by Thomson and Ballantyne :^ 



Oil. 


Tkmpkraturb. 
(Water- 100.) 


No. OF Samples. 


Olive, 


89 to 95 
105 to 137 
125 to 144 
163 to 170 
270 to 349 

89to 92 

157 

212 to 229 

243 to 272 

306 

93 to 100 


11 
2 
5 
3 
4 
2 
1 
4 
3 
1 
2 


AftKdiis, ... 

Rape. 

Cottonseed, 

Linseed, 


Castor 


Whale, 


Seal, 

Codliver, 


Menhaden, 

Snemi - 





* 110 — 58 «--52 ; or 0'52® C. (or ^^ut i degree) in excess of 68® for eveiy 1 per cent. 
of linseed otlpreeent in the miztore. Hence the sample in question would contain 90 — 58 
— 82; and ai * — 81*5 per ccnt.j or, more roughly, 32 x 2 «- 64 per cent. 
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Biomine Thermal Value.— Hefaner aod Mitchell (Analifst, 1896, 147) hav 
shown that the heat eyolved in the reaction of bromine with nnaatnratad Attj 
bodies fhmishes more definite data than is the case with snlphnric acid. As the 
action of bromine npon some oils is Tiolent, it is moderated by the nse of a 
dilnent^ snch as chloroform or glacial acetic acid. The latter has the advantage, 
owing to its higher boiling point, of allowing a wider range of rise of tempera- 
ture. 

The procedure is as follows : — 

The bromine, oil, and diluent are all brought to the same temperature. One 
grm. of the oil is placed in a Dewar vacuum-jacketed test-tube and dissolved in 
10 C.C of chloroform. Exactly 1 c.c. of bromine (measured by means of a 
pipette connected at the upper end with a narrow tube filled with caustic lime 
and having an asbestos ping at each end) is added and the rise in temperature 
measured by means of a correct thermometer divided into filths. Fatty acids 
are dissolved in glacial acetic acid instead of chloroform. 

Hehner and Mitchell have further shown that a definite relation exists 
between the rise of temperature thus obtained and the iodine absorption. In 
the particular vacuum-tube and mode of operation employed by them, the factor 
was found to be 5 '5. Each operator should ascertain for himself the factor 
applying to the individual case by determining the bromine thermal value of a 
non-drying oil, the HUbl number of which is known. 

Although considerable differences are shown in the case of linseed and rape 
oil, Hehner aod Mitchell consider that the determination of the iodine number 
by Hiibrs method may be replaced by that of the bromine thermal value. In 
the case of the samples of linseed and rape oil it will be noticed that the calcu- 
lated iodine number does not approximate closely the number obtained in the 
usual way. They offer the following explanation of these discrepancies : — 
^* Since linolic acid appears for each molecule of added bromine to evolve as 
much heat as does oleic acid, as shown by the figures given by cottonseed and 
almond oil respectively, it is probable that the same holds good for linolenic 
acid. The difference observed in the case of linseed oil might, on this assump- 
tion, be due to one or both of two causes : Either the HUbl number does not 
fully measure, in the case of highly -drying oils, the unsaturated valency of the 
molecule, or the samples of linseed oil tested had undergone more of less oxida- 
tion, the oxygen or hydrogen group being replaced by the bromine.'^ 

As to the former alternative, it is. well known that with highly-drying oils, 
after three hours' action of the HUbl solution, even in considerable excess, the 
maximum of absorption has by no means been reached, and the HUbl number 
is therefore almost certainly too small in these cases. As to the latter alterna- 
tive, it has been shown by Ballantyne {J. C. S, /., 1891, 32) that oils, after hav- 
ing undergone oxidation by exposure to air, show a higher Maumen^ figure than 
before. We are inclined to think that our calculated number expresses more 
accurately the real iodine combining capacity than does the HUbl figure in these 



** The two samples of rape oil examined by us do not show any agreement 
between the observed and calculated iodine number. We believe the samples to 
be pure, but the HUbl numbers— viz.« 88 and 77— are materially lower than the 
numbers usually accepted for genuine rape oil. The calculated numbers, on the 
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«ther hand, obtained by maltiplying the rise in temperature by 6*6, agree veiy 
well with the normal numbers of genuine rope oil. It appears yery probable, 
therefore, that the samples of rape oil examined had undergone a considerable 
amount of oxidation, which lowered the HUbl number, but did not affect the 
bromine absorption ; that, in fact, the figure calculated from the heaterolntion 
in this, as in the case of linseed oil, is the correct iodine-absorption number." 

Comparison of Observed and Calculated Results of Bromine 
Thermal Test. 



Oil oe Fat. 


Rise ik Tempbea- 

TUBK 
WITH BEOMIKE. 


HObl Fiouek. 


Calculated 
Iodine No. 


L4ird 


10-6 
10-4 
11-2 
11-2 
11-8 
11-8 
10-2 
10-4 
90 

no 

116 
10-4 

no 

8-1 

7-6 

^•6 

7-0 

62 

17-6 

16 

.216 

19-4 

160 

30-4 

313 

18-4 

17-6 

28-0 

19-0 

19*2 

18.9 


6715 

67-13 

63 11 

61-49 

64-69 

63 96 

6715 

67-8 

60-38 

58-84 

64-13 

69-6 

6915 

44*48 

39-7 

37 07 

3960 

36-6 

96 64 

80-76 

122 

10713 

H3-77 

160-7 

164-9 

88-33 

77-2 

144-^3 

l()8-5 

105-7 

105-7 


68-3 

57-2 

61-6 

61-6 

64-9 

64-9 

661 

67-2 

49-5 

60-5 

63-8 

672 

60-5 

44-5 

41-8 

363 

38-5 

34 1 

96-68 

82-5 

118-2 

106-7 

82*6 

167-2 

172 

101-2 

96-8 

140 

104-5 

105-6 

103-9 




M 












Lard, 10*^ 'cottonseed oil. 
Lard, fatty acids, . . . 

Mutton 'fat (kidney), ! ! 

„ ., (flart;). . . . 

Butter, 

1! (fatty acid8), ! '. 

Almoiifl oil, 

Oliveoil \ 

Maize oil 

Cottonseed oil, 

Castor oil, 

Linseed oil, 

Bapeoil, 

Oodliveroll, 

Oil sent as olive oil, , . 
»» II II II • • 
II »i II -1 • • 



Elaidin-Reaction. 

When oleic acid h treated with a few bubbles of nitrogen triozide, 
it is gradually changed into the isomeric body elaidic acid, which is 
solid at ordinary temperatures. Olein undergoes a similar change 
with production of the solid isomer elaidin, as also- do such oils as 
consist of olein in a state of approximate purity. On the contrary, 
the drying oils, which consist chieflj of linolin and its homologues, are 
VOL. n.— i6 
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not visibly affected by treatment with nitrous acid. Oils, which prob- 
ably consist of mixtures of olein with more or less linT>lin, give less 
solid products with nitrous acid than the approximately pure oleins. 

The effect can be produced by the gas evolved on heating starch or 
arsenous oxide with nitric acid ; by a mixture of a nitrite with a 
dilute acid ; by dissolving copper or mercury in nitric acid under 
a layer of the oil ; by agitating the oil with a freshly prepared 
solution of mercurous nitrate ; by the direct use of nitric acid of 
yellow or reddish color, and therefore containing lower oxides of 
nitrogen ; and, lastly, by heating the oil with nitric acid until chemical 
action sets in and gaseous oxides of nitrogen are evolved. The pro- 
portion of the isomerising reagent requisite to produce the change and 
the influence of the proportion used on the rapidity and completeness 
of the reaction are almost unknown, and indeed no really scientific 
study of the formation of elaidic acid or ela'idin appears to have been 
attempted. 

The following method of obtaining the ela'idin reaction, due to 
Poutet, has been studied by Archbutt, and is one of the best. It 
depends on the power of a solution of mercurous nitrate to retain 
nitrous acid. 

One C.C. of mercury should be dissolved in 12 c.c. of cold nitric acid 
of 1*42 specific gravity. 2 cc. of the freshly-made deep green solution 
is then shaken in a wide-mouthed stoppered bottle with 50 c.c. of the 
oil to be tested, and the agitation repeated every ten minutes during 
two hours. When treated in this manner, oils consisting of approxi- 
mately pure olein, or of mixtures of olein with the solid esters, 
such as palmitin and stearin, give a solid product of greater or less 
consistency. Olive oil is remarkable for the canary or lemon yellow 
color and great firmness of the ela'idin yielded by it. After twenty- 
four hours, the hardness of the product is such that it is impervious to 
a glass rod, and sometimes rings when struck with it, but this character 
is also possessed by the elaidins yielded by arachis and lard oils. In 
making the ela'idin test, it is important to note the time required to 
obtain a " solid " product, which will not move on shaking the bottle, 
as well as its ultimate consistency. Also the temperature should be 
kept as nearly as possible constant, or erratic results may be obtained 
and oMnparison of different oils becomes impossible. 

The behavior of the more important liquid fixed oils, when tested 
10 the foregoing manner, is as follows : — 

A hard mass is yielded by olive, almond, lard, sperm, and 
sometimes neatsfoot and arachis oils. 
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A prodiid of the cormdence of huiier is given by neatsfoot, bottle* 

uofie, niuitard, and sometimes by arachis, sperm, and rape oils. 
A pasty or buttery mass which separates from a fluid portion is 

yielded by rape (mustard), sesame, cottonseed, sunflower, niger- 

seed, cod- liver, seal, whale, and. porpoise oils. 
Liquid products are yielded by linseed, bempseed, walnut, and 

other drying oils. 
L. Afchbutt has published the results of some experiments with a 
reagent, which is easily prepared and appears to possess certain 
advantages. It is made by passing a stream of sulphur dioxide into 
nitric acid (specific gravity 1*420) kept cold. When substituted for 
the mercurous nitrate, Archbutt's reagent yields, after a time, solid 
products with rape and cottonseed oils, in addition to the oils ordi- 
narily giving solid elaidins. The cottonseed and rape oil products are 
at first red, and that from olive oil a bright green, but these tints soon 
fade. 

In practice, the elaidin test receives its most important application 
in the assay of olive oil, with which it gives a very characteristic 
reaction. The subject is further discussed in the sections treating of 
olive and rape oils. 

Reaction of Oils with Sulphur Chloride.— The vegetable 
drying oils are converted, on treatment with sulphur chloride (8|Cl«)f 
into gelatinous or elastic masses, which are employed as substitutes 
for india-rubber. T. P. Bruce Warren has investigated the reaction 
with a view to its employment in the analysis of oils. The eflTect of 
the treatment with sulphur chloride appears to vary materially with 
the proportion of the reagent used, which is usually 1 cc, mixed with 
1 cc. of carbon disulphide, to 5 grm. of the sample, to which 2 cc. of 
carbon disulphide has been previously added. The mixture is heated 
on the water-bath to constant weight, when the mass is broken up as 
completely as possible and exhausted with carbon disulphide, the solu- 
tion obtained being evaporated to dryness and the residue weighed. 
The various fixed oils are said to give constant and characteristic 
weights of the original dry product, of which definite amounts are dis- 
solved by subsequent treatment with carbon disulphide; but, in a few 
cases, these figures have not been published, and it does not appear 
that a mixture of two oils behaves in a manner which can be predicated 
from the nature of its constituents. Lard and other animal oils, in- 
cluding fish oils, are stated not to yield solid products with sulphur 
chloride; and the same is the case with coconut oil and the free fatty 
Itcids from any source. Blown or oxidised oils give black products. 



84 FIXED OILS AND FATS. 

Warren claims the method is available for the determination of vege- 
table oils in butter and lard, of lard and cottonseed oils in olive oil» 
Ac. For further details see Chem. News (56) 222, 231, 243 ; (67) 26, 
43, 113.; (58) 4. 15; (62) 27, 51, 125, 215, 251). 



Color-Reactions of Oils. 

Many fatty oils give, when treated with chemical reagents, products 
which are often strongly colored. To a certain extent these color- 
reactions are characteristic of the oils by which they are produced, 
and hence may be employed for their identification. It must be borne 
in mind, however, that the albuminous, resinous, and other foreign 
matters, on the presence of which the color-reactions in roost cases 
depend, are more or less completely removed or modified by the 
process employed fbr refining the oil. Hence, considerable variation 
is observed in the behavior of different samples of oil with the same 
reagent, and the value of the reactions is still further reduced by the 
modifications produced by the presence of free fatty acids in the oils. 
Still less are the indications to be trusted when mixed oils are examined. 
Notwithstanding these drawbacks, color-tests, when carefully applied, 
are often capable of furnishing valuable information, and sometimes 
render the positive identification of an oil, or its detection in a 
mixture, possible» when no other means are available. 

Color- tests for oils have been devised by Calvert and various other 
observers, the most complete series of observations being those of 
Chateau,, published in 1861.^ Many of those proposed have very 
little value. Certain of them are useful as special tests, and are 
described in the sections treating of the oils for the detection of which 
they are of use. The reactions with strong sulphuric and nitric acid 
have a more general value, and require a fuller description. In em; 
ploying color'tests for oils, it is very desirable to examine specimens 
"of oils of known purity side by side with the sample, instead of trust- 
ing too implicitly to the reactions described. 

Sulphuric Acid Color-Test. — Of color-tests, that with concen- 
trated sulphuric acid is one of the most valuable and readily applied. 
It has been recommended by various chemists, some of whom employ 
several different strengths of acid, whilst others modify the proportion, 
that used by Chateau being in excess of the amount desirable. With 
care, the violet color produced by the fish-liver oils is highly charac* 
teristic, as are also some of the other reactions. 

> Chateaa'8 tests, with some modifications bj J. Mater, are described in Spoil's Bney^ 
•kpmdia of (A« Indiutrial Artt, ^e., p. 1472 §t Mq. 
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The following table showa the effect produced on placing a drop 
4or two of sulphuric acid in the centre of about twenty drops of the oil, 
and observing th^ color both before and after stirring. The reactions 
described include those produced by the majority of hydrocarbon 
oils. As already stated, the colors produced by different samples of 
the same kind of oil are liable to considerable variation. 

The reactions of the oils with concentrated sulphuric acid are in 
some cases complicated or rendered indistinct by the charring action 
exerted by the reagent. This may be avoided by dissolving one drop 
of the oil in twenty drops of carbon disulphide, and agitating the 
solution with a drop of strong sulphuric acid. Whale oil when thus 
treated gives a fine violet coloration, quickly changing to brown, 
whereas with sulphuric acid alone a mere red or reddish-brown color 
changing to brown or black is obtained. 



Oil. 


1 OB 2.DSOP8 OF STBONO SULPHURIC AaD TO 90 OF THB OiL. 


Before Stirring. 


After Stirring. 


VeoetabU OiU- 

Olireoll, 

Almond oU, 

Arachisoil, 

Rape oil, crude, 

Rape oil, refined, .... 
Mustard oil, 

Cottonseed oil, crude, . . 
Cottonsei^ oil, refined, . 

Llnaeedon,nw, .... 

Lini«edoU.boUed, . . . 
Castor oil, 

Aninutl oat— 
LardoU, 

Tallow oil 

Whale oil. . 

Seal oil, 

CodliTW oU 

Sperm oU r . 

^rtrotoum lubricating oil, 
ShAlelnbrleatinf oil, . . 
BMinoa,1irofm, .^. . . 
Boalnell»pid^ 


Colorless, or yellow. 
Greyish-yellow to orange. 
Green, with brown rings. 
Yellow, with red or brown rlnga 
Dark yellow, with orange 

streaks. 
Vftrr bright red. 
Heddlsh4>rown. 
Yellow, with brown clot. 
Yellow spot, with orange 

streaks or rings. 
Hard brown or green lab-brown 

clot. 
Hard brown clot 
Yellow to pale brown. 

Oreenlsb yellow, or brownish, 

with brown streaks. 
Yellow spot, with pink streaka. 
Red, turning Tiolet 

Orange spot, with pnrple 

streaks. 
Dark red spot, with purple 

streaks. 
Pure brown spot, with faint 

yeOow ring. 

Brown. 

Bright naboganj brown. 
Mabofuy brown. 


Light brown, or olWe men. 
Dark yellow, olive, or brown. 
Greenish, or reddish-brown. 
Bright green, turning brownish. 
Brown. 
Reddish-brown. 

Dark red. nearly black. 
Dark reddish-brown. 
Reddish or gr^nish browa 
OliTe or reddish-brown. 

Mottled, dark brown 

Mottled, dark brown. 

Nearly colorless, or pale brown. 

Mottled or dirty brown. 

Orange red. 

Brownish-red, turning brown 
or black. 

Bright red, changing tn mot- 
tled brown. 

Purple, changing to dark brown 

Purple, changing to reddlah or 
dark brown. 

Dark brown, with blue fiuoree- 

cence. 
Reddish-brown, with blue 

fluorescence. 
Dark brown, with pnrple 

fluorescence. 
Red-brown, with purple 

fluorescence. 
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NiTRic Acid Color-Tests. — The color-reactions of oils with nitrw 
acid are sometimes characteristic, especially in the case of seed oils. 
(See also under CJottonseed Oil.) The test is recommended to be ap* 
plied in various ways, but perhaps those methods which combine 
observations of the color and the character of the ela'idin are to be 
preferred. Thus, O. Bach agitates 6 c.c. of the sample with an equal 
measure of nitric acid of 1*30 sp. gr. After noting any coloration 
the mixture is immersed in boiling water for five minutes and the efiect 
again observed. A more or less violent reaction often occurs on heat- 
ing, even resulting in the case of cotton or sesame oils in the mixture 
being projected from the tube. Bach gives the following table of 
results: — 



KiKD OF Oil. 


Aftbb Agitation 

WITK 

NrrRic Acid. 


After Hkatino 

FOB 
6 MlNUTBB. 


Aftkr Stahdimo 
13 TO 18 Hours. 


Olive, 

Arachis, 

Rape, 

Sesame, ...... 

Sunflower, .... 

Cottonseed, .... 

Castor, ...... 


Pale green. 
Pale rose. 
Pale rose. 
White. 
Dirty white. 
Yellowish-brown. 
Pale rose. 


Orange-yellow. 

Brownish-yellow. 

Orange-yellow. 

Brownish-yellow. 

Reddish-yellow. 

Reddtsh-hrown. 

Golden-yellow. 


Solid. 

Solid. 

Solid. 
Liquid. 
Bnttery. 
Buttery. 
Bnttery. 



A similar test has been described by Massie, who agitates 10 grm. 
of the oil with 6 c.c. of nitric acid (sp. gr. 1*40) and 1 grm. of mercury, 
and observes the color of the product after one hour, and also the time 
required for solidification. Thus : — 







'Minutes 






Minutes 


Oiu 


COaORATION. 


FOR Solid- 
ification. 


Oil. 


Coloration. 


for Solid- 
ification. 


OllTe, . . > . 


Paleyellowiah- 


60 


R»pe, .... 


Orangei 


^ 




wlSt^' 




Cotlonseed, . 


Orang<e-red. 


105 


Haxelnat, . . 


60 


Sesame, . . . 


Yelloirish-orance 


ISO 


Almond, . . . 


White. 


90 


Beechnut, . . 


R«ldish-orang^ 


S60 


ArachU. . . . 


Pale reddish. 


IW 


^l;^: : : 


Red. 


Fluid. 


Apricot, . . . 


Roee. 


105 




Fluid. 



A mixture of strong atdphuric and nttrie aeids, used in the proportion 
of one drop to ten of the oil, has been proposed by H. Meyer as a 
color-test for certain fish oils. The following reactions were obtained 
with this test: — 
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Oil. 


8p.Ge.ov 
Sample. 


Bkporb SnBRDca. 


Afthk SnaaiMO* 


Codliver, .... 


929 


Violet, quickly beoom- 


Roee-red, changing to 






iDg rose -red. 


light brown. 


Hake-liver, . , . 


927-0 


Dark violet, changing 


Brownish- violet, chang- 






to dark brown. 


ing to light brown. 


Skatahliyer, . . . 


9327 


Light violet, changing 

to blown. 
Light brown, with 


Brownish-violet, chang- 
ing to brown. 
Light brown, becoming 


Shark-liver. . . . 


928-6 






spots of red. 


Herring, .... 


932-6 


Brown. 


Darker brown. 


Sprat. 


928-4 


Light brown. 


Unchanged. 


Seal, 


924-5 


Light brown. 


Lemon-yellow, rapidlv 
changing to emerald- 














green and blaish- 


Whale, 


930-1 


Light brown. 


green. 
Darker. 



CUssificationf of Pats, OQs, and Waxes. 

In studying the characters of fised oils, and identifying oils of 
unknown nature, valuable assistance is obtained from a suitabla 
arrangement of the oils in classes or groups. The classification hero 
adopted is based on a joint consideration of the origin, physical char- 
acters, and chemical constitution of the oils. An attempt is likewise 
made to classify the oils so that each group contains some important 
oommercial oil which is typical of the other members of the group. 
Thus, the oils included respectively in the rape oil, olive oil, and coco- 
nut oil groups "present a more or less close resemblance to rape oil, 
olive oil, and coconut oil respectively. 

The researches of Hasura and others have shown that notable 
differences ezbt between animal and vegetable oils, and on this 
account, among others, it is not found. desirable in practice to place in 
the same group an oil of animal origin (e,g. lard oil) with others of 
vegetable production (e.g. almond and olive oils), although in its 
physical and chemical characters it may closely resemble them. Simi* 
larly, the oils from fish and marine mammals are advantageously 
arranged in a separate class from the oils of terrestrial animals. It is 
evident that the melting point of an oil is chiefiy dependent on its 
chemical composition, oils of which palmitin and stearin are the lead- 
ing constituents, being solid at ordinary temperatures, while in the 
liquid oils olein or linolein predominates. The specific gravity of the 
fixed oils is also closely dependent on their chemical constitution, and 
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this becomes more evident when the determination is made at a tem- 
perature at which all oils are liquid. Under these circumstances, the 
waxes are of the least specific gravity; then follow the molten fats, 
the non-drying oils, the drying oils, and, lastly, castor oil, which is the 
highest of all. 

I. Olive Oil Group. — Vegetable Oleins, — The oils of this group 
have a specific gravity ranging from '914 to '920, and hence are lighter 
than the oils of Groups III, IV, and V. Their viscosity is notably 
greater than that of the drying oils, but inferior to thatof rape oil, and 
they do not lose their power of producing a greasy stain on paper, how- 
ever long they may be exposed to the air. They are further charac- 
terized by forming very solid elai'dins, and by their moderate saponi- 
fication -equivalents and iodine-absorptions. 

II. Rape Oil Group. — The oils of this class are all derived from 
the OrMeiJerod. They are generally classed as non-drying, though less 
perfect in this respect than the members of Group I, from which they 
are further distinguished by the greater heat developed when treated 
with strong sulphuric acid, by their higher iodine-absorptions, by 
forming pasty elaidins, and, above all, by their high saponification- 
equivalents — a character which is due to the presence of esters of 
fatty acids of exceptionally high combining weight, 

III. CoTTOlJSEED Oil Group. — In specific gravity these range 
from '920 to '926, or, when unrefined, somewhat higher. In this charac- 
ter, as also in their elaldin reactions, iodine-absorptions and the tempera- 
tures developed with sulphuric acid, the members of the cottonseed 
oil group stand intermediate between the vegetable non-drying oils, 
typified by olive oil (Group I), and the true drying oils of Group IV. 

IV. Linseed Oil Group. — Drying Oils, — These range in specific 
gravity from '924 to '937, and hence are distinctly heavier than the oils 
of the previous groups, though lighter than those of Group V. They 
are not solidified by treatment with nitrous acid, evolve great heat 
with strong sulphuric acid, and combine with large proportions of 
bromine and iodine. On exposure to the iiir in thin layers they 
absorb oxygen and form varnishes, which are at first sticky, but after- 
wards plastic or even brittle. The viscosity of the drying oils is less 
than that of the oils of the preceding groups. 

V. Castor Oil Group. — The oils of this group have little in com- 
mon beyond their great viscosity and high specific gravity, which ranges 
from '937 to '985. Castor and croton oils are remarkable for their 
ready solubility in alcohol and glacial acetic acid, and their marked 
purgative properties. 
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VI. Palm Oil Group. — ^These are solid vegetable fats, not con- 
taiuing notable quantities of esters of lower fatty acids. Their melt* 
ing points are somewhat variable, and are capable of permanent 
alteration. 

VII. Coconut Oil Group. — The members of this group are solid 
vegetable fats, having high specific gravities and low saponification- 
equivalents. The members of the sub-group A contain notable pro- 
portions of esters of lower fatty acids — that is, of acids distilling with 
greater or less facility at 100^ C. in a current of steam. This char- 
acter distinguishes them from nearly all other vegetable oils, and 
from all animal oils except butter-fat. The members of subgroup B 
are wax-like bodies of peculiar constitution. 

VIII. Lard Oil Group. — Animal Oleins. — This group includes 
those natural and manufactured oils, fluid at ordinary temperatures, 
which are obtained from terrestrial animals. They resemble the 
marine animal oils by darkening under the action of chlorine, but 
are not turned brown by boiling with caustic alkalies. They do not 
dry appreciably on exposure to air, and give more or less solid ela'idins 
with nitrous acid. 

IX. Tallow Group. — Solid Animal Fats. — This group comprises 
such fatty bodies from terrestrial animals as are solid or semi-solid at 
ordinary temperatures. Butter-fat is distinguished from all other mem- 
bers of the group by its high specific gravity and lower saponifi* 
cation-equivalent, due to the presence of a notable proportion of 
radicles of butyric and other lower fatty acids. 

X. Whale Oil Group. — Marine Animal Oils. — This group com- 
prises the majority of the fluid oils obtained from fish and marine 
mammals. They are distinguished as a class by their ofiTensive fishy 
odor, which becomes more perceptible on warming; by the reddish- 
brown color they assume when subjeoted to the action of chlorine, and 
by the reddish or reddish-brown color produced on boiling them with 
a solution of caustic alkali. With concentrated sulphuric acid they 
give considerable rise of temperature and colorations, varying from 
light red to purple and brown. Most members of the group dry more 
or less on exposure to the air, and yield but little solid ela'idin on 
treatment with nitrous acid. In these respecte they resemble the vege- 
table oils of the cottonseed group, and have similar specific gravity. 
The oils from the sperm and bottlenose whales are peculiar, both BSto 
their physical characters and chemical constitution, and form a sepa- 
rate class (Group XI). " Train oil " includes the oil from the blutt)er 
of any marine mammal. 
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XI. Sperm Oil Group. — Liquid Waxes, — The members of this 
group differ from ail the fatty oils of previous classes in coiisistiDg 
essentially of esters of the ethyl series. In this respect they resemble 
the true waxes, but are fluid at the ordinary temperature. They are of 
less specific gravity than the true oils both at the ordinary temperature 
and at the boiling point of water; and on saponification yield con- 
siderable proportions of solid higher homologues of ethyl alcohol. 
They do not dry or thicken notably on exposure to air and yield 
solid elaidins on treatment with nitrous acid. 

XII. Spermaceti Group. — Waxes Proper. — The members of tbia 
group are solid at ordinary temperatures, and more or less resemble 
beeswax, the prototype of the class. They consist essentially of esters 
of the higher radicles of the ethyl series, with in some cases an ad- 
mixture of higher monatomic alcohols and higher fatty acids in the 
free state. Carnaiiba wax seems also to contain diatomic alcohol- 
radicles. Sperm and bottlenose oils (Table XI) resemble the waxes 
in constitution, but are liquid at ordinary temperatures. The bodies 
known as Japan wax and myrtle wax (Table VII) are fats, not true 
waxes. Paraffin wax and mineral wax are hydrocarbons, and hence 
quite different in chemical constitution from the true waxes of animal 
and vegetable origin. 

In the following tables the chief fats, oils and waxes of oommer 
cial or scientific interest are on the principles above described: — 
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EXAMINATION OF FATS AND CRUDE OILS FOR 
FOREIGN MATTERS. 

By the term foreign matters used in this connection it is not intended 
to signify the traces of cholesterol, chlorophyl, gummy, albuminous, 
and coloring matters, which are natural constituents of the crude 
fats and oils; but the term is applied to large proportions of free fatty 
acids and admixtures of resin, soaps, hydrocarbons, water, and mineral 
matter. These bodies are often added, either as adulterants or with 
the view of conferring some special property. When in small quan- 
tity, the detection of some of them is attended with considerable 
difficulty. 

In the case of butter, lard, and palm oil, more or less water, curd, 
and salt are not infrequently present The methods of detecting and 
estimating sQch of these admixtures as are peculiar to each of these 
are described in the special sections. An oil, if clear, may be regarded 
as free from such extraneous matters, and their presence in a fat may 
usually be detected by melting the sample. If an opaque or opales- 
cent oil result, or one containing visible particles of suspended matter 
or globules of water, it should be purified from these by filtration 
through dry paper before proceeding to search for resin, fatty acids, 
soap, or hydrocarbons. 

Soap is sometimes directly added to an oil, but its presence is more 
frequently due to the use of alkali employed to increase density and 
viscosity. Soap is readily detected by dissolving the oil in about three 
times its measure of ether or freshly-distilled carbon disulphide, add- 
ing a little water, and agitating the whole thoroughly in a tapped 
separator. The soap will dissolve in the water, while the other foreign 
matters will dissolve with the oil, in the ether or carbon disulphide, 
and may be recovered therefrom by distillation. The soap may be 
determined by evaporating the aqueous liquid and weighing the residue 
after drying at 100^ C. The proportion of soap may also be inferred 
from the amount of carbonate left after igniting the oil. 

Insoluble Soaps are not infrequently present in oils, waste greases, 
and pharmaceutical preparations ("oleates"). Though insoluble in 
water, many of them are soluble in ether or petroleum spirit They 
may be decomposed by agitating the mixture with dilute sulphuric 
acid, when the acid liquid will contain the metal of the soap, and a 
corresponding quantity of fatty acid will dissolve in the oily layer. 
When it is desired to ascertain the proportion of free fatty acids 
originally in the oil. a titration with alkali should be made both 
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before and after shaking with dilute acid. The difference between the 
two estimations represents the fatty acid produced by the treatment. 

Free Acid in Oils.— Commercial oils and fats very frequently 
contain notable proportions of free acid, which may either be mineral 
acid, as a result of incomplete separation after refining, or free fatty 
acid resulting from unskilful refining or from the natural decompo- 
sition of the oil. 

Mineral Acids are only accidentally present in fixed oils, and 
usually exist in very small proportions. Even minute quantities are 
highly objectionable in oil intended for lubricating, but are harmless 
when the article is to be used for soap-making. Mineral acids may be 
readily recognized by agitating the oil with warm water, separating 
the aqueous liquid, and testing it with a solution of methyl-orange, 
which will give an orange or red coloration if any mineral acid be 
present. The nature of the mineral acid, which is most commonly 
sulphuric, can then be ascertained by testing the aqueous liquid with 
barium chloride, silver nitrate^ and other appropriate reagents. Oils 
which, from over- treatment with acid during refining, contain a con- 
jugated acid or sulphonate, must be boiled with water for some time, 
in order to decompose the compound, 

Free Fattt Acids are oflen normally present, and in some oils 
(e.^., olive and palm) may exist in very large proportion. Free oleic 
acid is largely used as a lubricant in wool-spinning, and free palmitic 
and stearic acids are employed for making candles and night-lights. 
All three acids are used for soap-making. 

The fatty acids differ from neutral fats and oils in* having an acid 
reaction in alcoholic solution ; in being converted into soaps by treat- 
ment with alkaline carbonates or borax ; and in being freely soluble 
in alcohol, even if the latter be somewhat dilute. 

The free fatty acid may be detected by shaking the sample with 
alcohol, and adding an alcoholic solution of lead acetate to the spirit- 
uous liquid. If a notable quantity of free fatty acid be present, a 
white precipitate will result. Resin and «oap produce the same 
reaction. 

A more delicate method, which can be applied to the accurate deter- 
mination of the quantity present, consists in titrating the alcoholic 
solution with standard caustic alkali, using phenol phthale'in as an 
indicator. The method was first proposed by Hausamann, and test- 
analyses by Groger of artificial mixtures of known composition have 
fully established its accuracy. The following mode of operating is 
applicable to the determination of free fatty acids in whatever pro- 
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portion they may be present : — Some methylated spirit is purified by 
redistillation with a little caustic soda, a little alcoholic solution of 
,pheuolphthalem added, and then dilute caustic soda drop by drop 
till the liquid retains a faint pink color after shaking, this preliminary 
treatment being intended to secure the absence of any trace of free 
acid. An accurately weighed quantity of the sample, varying from 
5 grm. of fatty acid to 50 grm. of an ordinary oil, are introduced into 
a flask or bottle furnished with a glass stopper, from 50 to 100 c.c. of 
the neutralised spirit is added and raised to the boiling*point by im- 
mersing the bottle in hot water. The contents are thoroughly agitated 
to effect as complete a solution of the fatty acids as possible. If the 
sample of oil be wholly free from acid, the pink color of the spirit will 
remain unchanged, but otherwise it will have disappeared. In the 
latter case, a semi-normal solution of caustic soda is added in small 
amounts to the warm contents of the flask, agitating thoroughly after 
€ach addition until the pink coloration persists after vigorous shaking. 
The reaction is as well defined, and the neutralisation-point as easy to 
perceive, as in the titration of mineral acids ; but owing to the very 
high combining weights of the fatty acids, great care is necessary.' 
Thus, 1 c.c. of semi-normal caustic alkali used corresponds to 0*128 
of palmitic, 0142 of stearic, or 0*141 grm. of oleic acid. For deter- 
mining small proportions of fre^ acid, it is desirable to employ deci- 
normal alkali, while in the case of sampks containing much free acid 
the quantity taken for the assay should be correspondingly reduced. 
In assaying palm oil, which often lias a red color, the titration may be 
made on 5 grm. of the sample, dissolved in 20 c.c. of spirit, the flask 
being placed on a white surface. 

Redn acids present in the sample will be estimated by the above 
process as fatty acids. Their separation from the latter is described 
below. Mineral acids will affect the accuracy of the results unless duly 
allowed for, or previously separated by repeatedly agitating the oil 
with water. Soap and hydrocarbons do not interfere. 

The foregoing method may be supplemented by gravimetric deter- 
mination. The resultant alcoholic liquid is separated from the oil, the 
alcohol evaporated, and water added. This solution is agitated with 
a little petroleum spirit (not ether) to dissolve suspended oil, the 
aqueous liquid separated, and the fatty acid liberated from the soap 

^Thia method combines the adrantagefl of the two methods of operating recommended 
hy Archbutt(i4na(3r»f, ix. 170) and W. H. Deering {Jour. Soe. Chem. Ind,, iii. 641), 
who have had considerable experience of the process. No praetical difference is noted 
between the results obtoined by titrating with aqueous alkali and with alooholio alkali. 
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solution by adding dilute sulphuric acid. On agitating with ether» 
separating the ethereal solution, and evaporating it to dryness, the 
fatty acids can be weighed. This method should be used when resin 
acids may be present. In their absence, the determination should 
be fairly concordant with the result of the titration. Soap should 
be previously separated. Mineral adds and hydrocarbons do not 
interfere. 

An areometrical method of estimating the proportion of free acid 
is described in the section on Olive Oil. 

The detection of resin in fixed oils is attended with some diflSculty ; 
its determination is troublesome and occasionally impossible. 

Common rosin or colophony, which is described in a special section* 
is added to oils to impart certain properties, but its employment often 
wholly unsuits them for their intended purposes. 

One of the methods of detecting rosin is by the brown i^olor it 
imparts to caustic soda. The original sample is saponified, the alcohol 
boiled ofiT, and the liquid treated with sufficient caustic soda ley to 
cause precipitation of the soap. The solution, separated from the 
soap by decantation or filtration through glass-wool, will be dark 
brown if resin is present. The same reaction serves for the recog- 
nition of rosin in soap, previous saponification being unnecessary. 
The method may also be applied to the mixture of fatty and resia 
acids separated in the manner described in the table on page 117. The 
dissolved resin may be recovered by acidulating the alkaline liquid 
with hydrochloric acid, when a precipitate of resinous odor will be 
formed. The resin may be isolated by agitating with ether and evap- 
orating the ethereal layer to dryness, and may be identified by its 
physical and sensible characters. 

In the absence of free fatty acids, resin may be isolated from fixed 
oils by agitating the sample with moderately strong alcohol, separating 
the spirituous solution and evaporating it to dryness. It may also be 
isolated, and approximately estimated, by titrating the alcoholic solu- 
tion of the sample with caustic alkali and phenol phthalein as de- 
scribed elsewhere. As the several acids which ordinary colophony 
contains are not present in constant proportion, the neutralising power 
of resin is variable, ranging from 0*310 to 0*430 grm. of colophony 
for 1 C.C. of normal alkali employed. The rosin subsequently extracted 
from the acidulated aqueous liquid, and left on evaporating the ethereal 
solution to dryness, is readily recognisable by the taste and smell on 
heating, and in favorable cases has the physical characters of rosin. 

In the last method of operating, the resin is obtained in admixture 
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with aDj free fatty acids the sample may hav,p contained. These 
modify the physical properties of the extracted resin very materially, 
and render the method useless for quantitative purposes. In such 
cases, if there is sufficient material for the purpose, a good indication 
of the relative proportions of fatty and resin acids Iq the mixture 
may be obtained by observing the density at the temperature of boil- 
ing water, as described on page 29. As, however, rosin varies consid- 
erably in density and the fatty acids from various oils exhibit similar 
variations, the method furnishes but very rough results unless the 
source of the fatty acids be definitely known. 

A method of separating fatty from resin acids based on .the solubility 
of the barium salts of the latter in alcohol has been devised by Jean 
and modified by R6mont. Barfoed treats the sodium salts with ether- 
alcohol, which dissolves chiefly the resin acids. T. 8. Gladding de- 
scribed a method of separating fatty and resin acids which is based on 
the ready solubility of silver resiuate in ether, and the almost com- 
plete insolubility of silver oleate, Ac. even in presence of a small 
quantity of alcohol. 

All these methods have been superseded by that of Twitcbell (J. S. C. I., 
1891, 804), which, while not absolutely satisfactory, furnishes much more accu- 
rate results than the others. It is based upon the fact that aliphatic acids are 
converted into ethylic esters when acted upon by hydrochloric acid gas in their 
alcoholic solution ; whereas colophony is said to undergo no chauge under the 
treatment, abietic acid separating from the solutiou. 

The rosin reacts acid in alcoholic solution with phenolphthale'in, and unites 
readily with caustic potash to form a soluble soap. All that is necessary, there- 
fore, is by the means indicated— to combine the fatty acids with alcohol, wheu 
the resin acids may be titrated with standard caustic soda solution, using phenol- 
phtbalein as indicator ; or they may be combined with potash, and the rosin soap 
thos formed separated fVom the saponified fatty esters by extracting with 
naphtha in a separating funnel. 

The gravimetric method is carried out as follows : 2 to 3 grm. of the mixture 
of fatty acid and rosin are dissolved in ten times their volume of absolute alcohol 
in a flask and dry hydrochloric acid passed through in a moderate stream. The 
flask is set in a vessel with water to keep it cool. The acid is rapidly absorbed, 
and, after about forty-five minutes, the esters separate, floating in the solution, 
and no more hydrochloric acid is absorbed. The current of gas is stopped and 
the flask is allowed to stand for half an hour to complete the reacti«n. The 
liquid is diluted with about flve times its volume of water and boiled until the 
acid solution is clear, the esters, with resin in solution, floating on the top. To 
this is added some naphtha and the whole transferred to a separating funnel, the; 
flask being ¥rashed out with naphtha. The acid solution is then run off and' 
the naphtha solution (which ought to measure about 50 c.c.) washed once with 
water and then treated in the funnel with a solution of 0*5 grm. KHO and 5 c.c. 
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of alcohol in 50 c.c. of water and agitated. The roein is immediately saponi- 
fied and the two layers separated completely. The solution of rosin soap caD 
then be run off, treated with acid, the rosin collected in any manner desired, 
dried, and weighed. A second washing of the soap with naphtha is hardly 
necessary, as very little remains after the first extraction. The naphtha nsed is 
74^ gasolio, and for this purpose is to be preferred to ether. 

The first stages of the volumetric method are similar to the gravimetric, vrith 
the exception that the contents of the flask are washed into the separating fun- 
nel with ether instead of naphtha, and the ether solution in the funnel is then 
thoroughly washed with water until the wash-water is no longer acid ; 50 c.c 
of alcohol, previously neutralised, are then added and the solution titrated with 
standard caustic soda solution. If the combining equivalent of rosin be known, 
its percentage may be calculated, or some of the original mixture may be also 
titrated, when the difference in caustic soda required will correspond to the fatty 
acids converted into ester. 

Twitchell found that when 90 per cent, of alcohol was nsed, instead of abso- 
lute alcohol, only 92 per cent, of the fatty acids were converted into esters. If 
the alcoholic solution becomes heated by the passage of the hydrochloric acid, 
or if the solution be boiled without first diluting with water, the rosin suffers 
change and requires less alkali to neutralise it. 

That the results obtained by the above method are not absolutely correct, 
has been shown by Lewkowitsch (J. S. C. I., 1893, 504). The mean combining 
weights of different brands of commercial resin Vary within considerable limits. 
The following results were obtained by Lewkowitsch by the examination of six 
different brands of American resin. 



Resiv. 


1 Grm. Reouibus 

C.C. Normal 

KOH. 


Acid Value. 


COMBINIKO 

Eqcivalekt. 


Molecular 
Weight OF the 

AHHYDHOUS 

Resix. 


No. 1. . 
No. 2, . 


2-7470 
2-8307 
2*8772 
2-9119 
2-9295 
2-9342 


15411 
159-00 
161-41 
163-30 
164-34 
164-61 


36403 
35286 
347-57 
343-42 
341-30 
340-80 
348-33 


71006 
687-92 
67714 
668-84 
664-60 
663-60 



The average (348-33) agrees pretty closely with TwitcheU's figure (346), but it 
is evident that rather widely differing results will be obtained, according to the 
particular sample thai may have been used. Further, Lewkowitsch shows that 
under the action of the hydrochloric acid the resin appeals to undergo some 
destruction with the formation of acids of lower molecular weights, since the 
volumetric analyses gave, as a rule, too high results. In the gravimetric proc- 
ess, again, some of thede secondary products pass into the aqueous solution 
without being dissolved by the petroleum-ether. By a subsequent extraction 
with ether part of the dissolved substances may be recovered, but even then the 
Tesults of the gravimetric analyses were found too low. Of course the unsaponi- 
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fiable oils occurring in resin remain in the petroleum-etlier solution and tlnis 
escape being weighed. Lewkowitsch gives the following tables as indicating 
how nearly, in pmctical cases, the results obtained bjr either process approach the 
theoretical ones. 

The *' mixed fatty and resin acids" were obtained ftom soaps specially pre- 
pared on a large scale from carefully weighed quantities of fats and resins. . 
Average samples of the fats and the resin were examined separately for the 
yield of fiitty acids from the former and for the combining weight of the latter, 
these determinations being indispensable for a correct calculation of the theoret 
ical amount of resin acids. 



YoLUMETRic Analysis. * 



MxxBD Fatty 

AND 

Resik Aaos. 


Rxsur Acids. 


Theory. 


Experiment 


No. 1, 

I 

o, • • . • • 

4» 

i.::::: 


Per Cent. 
9-79 
19*69 
21*45 
24*66 
30-31 
39-81 

45*05 


Per Cent. 
9*98, 9*34. 9*795. 9 91 
23-97, 24 55, 22 93, 23*28, 2398, 24 08 
24*96, 24-78, 23 63 
24*89, 2515, 25-()6, 24*23 
29-69, 3012, 2H18, 29*78 
40-24, 40*37, 41 44, 42* 13, 41 8, 40-37, . 

4218, 40-55, 40-07, 4005 
45-76, 46-50, 49*61, 47*66, 46*45, 4369, 

41-12, 41*81, 40-77, 44-72, 47*84, 4634, 

44-24, 44*48, 4439 



Gbayimetbio Analysis. 



PIlXED FaTTT 
AHD 

RniirAcnML 


Resin Acids. 


Theory. 


Experiment 


No. 1 

1:::::: 

4 

5, 

«, 

7, 


Percent 

9*79 
19*69 
21*45 

24-66 
30*31 
3981 

45-05 


Per Cent 
9 88, 9-97 

20*46, 20-55, 1996, 1999, 19*44, 19*33 
19-25, 18*27, 19*37. 17*83, 19 54, 18*61, 

18*67, 191« 
20*97, 16*65, 21-76 
25*76, 25*06, 23*66, 26*10 
35*97, 38*86, 36*44, 3614, 35*42, 36*86, 

32*51, 36-29 
37-58, 37*23, 37^29, 36*97, 35*32, 40*06, 36*8 



By washing the petroleum-ether solution with alkali a second time, and 
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extracting the acid layer with common ether, the following results were 
obtained : — 



Mixed Fatty 


Rrsin Acids. 






Extjcrimcnts. 




ASD 

Resin Acids. 




















Theory. 


Extracted by 
First Alkali 


Extracted by . 
Second Alkali 1 


. Extracted by 
Ether. 


Total. 






Wash. 


Wash. 








Per Cent. 


Per Cent. 


Per Cent. 


Per Cent. 


No. 2, . . 


1969 


19-46 


0-115 


1-045 


20-62 


2, . . 


1969 


18-44 


0-074 


0-822 


19-34 


3, . . 


21-45 


19-14 


0-105 


0-3615 


19-607 


3, . . 


21-45 


19-19 


0-061 


0-2839 


19-54 


4, . . 


24-66 


21-72 


0-179 


1-203 


23102 


4, . . 


24-66 


22-29 


0-239 


1-01 


23-64 


6, . . 


30-31 


25-75 


0019 


2-41 


28-18 


5, . . 


30-31 


26-93 


085 


0-72 


27-73 


6;.. . 


39-81 


34-96 


1-296 


1-567 


37-80 


6, . . 


39-81 


34-596 


0-190 


1-12 


35-91 



Ulzer and Defres (abst. Analynf^ 1897, 244) find that the acids of brown 
shellac gave by Twitcheirs method 66-56 per cent, of ''resin acids" not con- 
verted into esters by the passage of hydrochloric acid through the alcoholic 
solution. By shaking out the petroleum spirit solution of the acids and esters 
with dilute sodium hydroxide an ester was obtained which formed a light yellow, 
semitransparent, resin-like mass which had a saponification number of 199 '5. 

The acids of an orange shellac having acid number 53-05 and saponification 
number 200*98 gave by Twitchell's process 72-89 per cent, of resin acids which 
could not be esterified. The shellac acids appear to behave to some extent like 
fatty acids, since part of them form esters on being treated with hydrochloric 
acid gas in alcoholic solution. 

Specimens of Angola-copal and Kauri-copal when examined by TwitchelPs 
process show respectively 86-01 and 86*37 per cent of resin acids. 



Hydrocarbon Oils. — The extensive production of various hydro- 
carbon oils suitable for lubricating purposes, together with their low 
price, has resulted in their being largely employed for the adulteration 
of animal and vegetable oils. The hydrocarbons mpst commonly 
employed are: — 

1. Those produced from petroleum and by the distillation of bitumi- 
nous skate. 

2. Those produced by the distillation of common rosin, having the 
nature and properties detailed in the section on " Rosin Oil." 

3. Neutral coal oil; being the portion of the products of the distil- 
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lation of coal-tar boiling above 170° C, and freed from phenolo'id 
bodies by treatment with soda. 

4. Solidparaffirif employed for the adulteration of beeswax and sperm- 
aceti, and used in admixture with stearic acid for making candles. 

The presence of hydrocarbons in fats and fatty oils is detected by the 
altered densityof the sample, which is decreased by members of the 
first class, and increased by rosin and coal-tar products; by the lower- 
ing of the flashing and boiling point; by the fluorescence of members 
of the first two classes; and by the incomplete saponification by 
alkalies. The taste and odor on heating are also valuable indications. 

Specific gravity is a character of some little value for detecting and 
approximately estimating hydrocarbons, but in practice the indications 
obtained are apt to be rendered valueless by the employment of a 
mixture which has the same density as the oil to be adulterated. 

The tendency of a hydrocarbon is to reduce the flashing and boiling 
point of the fixed oil, and in sonae cases a distinct separation may be 
eflTected by fractional distillation. 

Fluorescence is a character of considerable value for detecting the 
presence of hydrocarbons. If undoubtedly fluorescent, the sample 
certainly contains some hydrocarbon,^ but the converse is not strictly 
true, as the fluorescence of some varieties can be destroyed by treat- 
ment, and some hydrocarbons have no fluorescence. Most of the 
hydrocarbons employed for lubricating purposes are strongly fluores- 
cent, and the many others become so on treatment with an equal 
measure of strong sulphuric acid. A hydrocarbon possessing strong 
fluorescence may be evident in presence of a very large proportion of 
fixed oil ; but if any doubt exist, the hydrocarbon should be isolated 
in the raauner described on page 112. The fluorescence may usually 
be seen by holding a test-tube filled with the oil in a vertical position 
in front of a window, and looking at the sides of the test-tube from 
above. A better method is to lay a glass rod, previously dipped in 
the oil, down on a table in front of a window, so that the oily end of 
the rod shall project over the edge, and be seen against the dark back- 
ground of the floor. Another plan is to make a thick streak of the 
oil on a piece of black marble, or glass smoked at the back, and to 
place the streaked surface in a horizontal position in front of, and at 
right angles to, a well-lighted window. Either of these methods is 
better than the polished tinplate often recommended. The background 

'Arehbatt states that genuine rape oil sometimes exhibits fluorescence. This may 
bo due to the aooidental presenoe of an insignificant proportion of mineral oil, as fluores- 
t becomes stronger with dilution of the fluorescent substance. 
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should be black, not white. Examined in this manner, very slight 
fluorescence is readily perceptible. If at all turbid, the oil should be 
filtered before applying the test, as the reflection of light from minute 
particles is apt to be mistaken for true fluorescence. In some cases it 
is desirable to dilute the oil with ether, to which an exceedingly small 
amount of mineral oil is sufficient to impart a strong blue fluorescence. 
This is useful in the examination of very dark oils, as the color is re- 
duced without the intensity of the fluorescence being correspondingly 
decreased. If the oil be very dark, e.g., a dark Oallipoli or brown 
rape oil, it should be first refined by agitating it successively with 
small proportions of concentrated sulphuric acid, water, and solution 
of sodium carbonate, and subsequently filtering. In some cases de- 
colorisation may be efiected by warming the oil and agitating it with 
freshly-burnt animal charcoal, the liquid being subsequently filtered. 

It must be borne in mind that the fluorescence is not perceptible by 
gaslight, but may be brought out by burning a piece of magnesium 
ribbon in the proper position. 

The giLarUitaiive analyris of mixtures of fat' or fixed oils with hydro^ 
carbons is best carried out by the following method, which combines 
rapidity, certainty, tolerable accuracy, and general applicability, and 
at the same time furnishes the hydrocarbons in a condition for further 
examination. The method has been thoroughly studied and largely 
used by the author : — 

The hydrocarbons which are to be determined are all unafiected by 
alkalies, whereas animal and vegetable oils and waxes undergo saponi* 
fication. If potash or soda be employed, the resultant soap is soluble 
in water. The hydrocarbons, though insoluble in water and unafiected 
by alkalies, dissolve with greater or less facility in concentrated solu- 
tions of soap, and are very imperfectly separated on dilution. They may, 
however, be dissolved out from the dry soap by ether, chloroform^ 
carbon disulphide, benzene, or petroleum spirit. In some cases a 
good separation is obtainable, but in others a considerable quantity of 
soap passes into solution, especially if the solvent be employed at a 
temperature approaching its boiling point. This tendency of the 
soap to undergo solution may be wholly avoided by treating the aqueous 
solution with the solvent, instead of exhausting the dry soap. 

The following are the details of the manipulation: — Five grm. of 
the sample are saponified by alcoholic alkali, the solution freed from 
alcohol,' and transferred to a separator of about 200 c.c. capacity, 

1 If the alcohol be completely eliminated, the ethereal layer is apt not to separate from 
the aqueoos liquid at the Aext stage. 
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furnished with a tap below and a stopper at the top. The tube below 
the tap should be ground or filed off obliquely, so as to prevent anj 
liquid from remaining in it. The liquid is diluted with water till it 
measures from 70 to 100 c.c. From 50 to 60 c.c. of ether should 
next be added, the stopper inserted, the liquids thoroughly shaken and 
allowed to rest for a few minutes. As a rule, two well-defined layers 
will form, the lower one brownish, consisting of the aqueous solution 
of soap, the upper of ether, coutaining any hydrocarbon in solution. 
Separation does not always occur readily, the liquid remaining appar- 
ently homogeneous, or assuming a gelatinous consistency. In such 
cases, separation may be induced by thoroughly cooling the contents 
of the separator; by adding caustic potash solution ; by adding more 
ether and reagitating; or, if all these means fail, a few 6ubic centi- 
metres of alcohol may be added, and a gentle rotatory 
movement imparted to the liquid, avoiding complete ad- 
mixture, when a very rapid separation of the ethereal 
layer almost invariably occurs. The aqueous liquid is 
then run through the tap into a beaker. About 10 c.c. 
of water and a few drops of caustic alkali solution are 
added to the ether which remains in the separator, and 
the whole agitated. The washings are then run off in 
their turn, and after repeating the treatment with water, 
which is removed by the tap as before, the ethereal 
solution is poured off through the mouth into a tared 
flask. The aqueous liquid and washings are then re- 
turned to the separator, and agitated with a fresh quan- fio. s. 
tity of ether, which is washed and poured into the flask 
as before. The agitation of the soap solution is repeated once more, 
when the extraction of the hydrocarbon oil will be complete. The 
ethereal solution will usually be strongly fluorescent. The flask con- 
taining it is attached to a condensing arrangement, and the greater 
part of the ether distilled off by immersing the flask in boiling water. 
When distillation has ceased, the condenser is detached and the flask 
placed on the top of the water-oven, by which the rest of ether is soon 
dissipated. Sometimes the hydrocarbon will contain globules of water, 
in which case the flask should be held horizontally, and rotated rapidly, 
so as to spread the oil over the sides in a very thin layer, and 
facilitate the evaporation of the water. When no more water is 
visible, and the smell of ether is scarcely perceptible, the flask is 
placed on its side in the water-oven for ten or fifteen minutes and 

VOL. II. — 8 




114 TIXED OILS AND FATS. 

weighed/ when £he increase of weight over the original tare gives the 
amount of hydrocarbon oil extracted. Prolonged heating should be 
avoided, as many hydrocarbons are sensibly volatile at 100^ G. This 
is notably the case with coal-tar oil, and hence, in analysing mixtures 
containing it, the heating in the water-oven should be wholly dispensed 
with. With rosin oil, paraffin wax, and the denser mineral oils there 
is but little danger of loss by volatilisation at 100^ G. 

The foregoing process has been extensively employed by the author, 
and has been proved to be accurate on numerous mixtures of fatty oils 
with hydrocarbon oils. The results obtained are correct to within 
about 1 per cent, in all ordinary cases.' In cases where extreme accu- 
racy is desired, it is necessary to remember that most, if not all, ani- 
mal and vegetable oils contain traces of matter wholly unacted on by 
alkalies. In certain cases, as butter-fat and codliver oil, this consists 
largely of cholesterol, GMH44O, which may be obtained in character- 
istic crystalline tablets by warming the ethereal extract with alcohol, 
and allowing the solution to cool. The proportion of unsaponifiable 
matter solubje in ether which is naturally present in fixed oils and 
fats, rarely exceeds li per cent, and is usually much less. Sperm and 
bottlenose whale oils, however, constitute an exception, yielding about 
38 to 40 per cent of matter soluble in ether. This peculiarity has 
little practical efiect on the applicability of the process, as sperm oil 
being among the most valuable of commercial fixed oils, it is rarely 
present without due acknowledgment of the fact. An unknown oil 
may be recognised as sperm or bottlenose oil by the characters detailed 
in the section relating to them. 

Spermaceti and the other waxes yield after saponification large per- 
centages of matter to ether, and hence the process is not available for 
the determination of paraffin wax in admixture with these bodies, 
though it gives accurate results with the mixtures of paraffin and 
stearic acid so largely employed for making candles. 

1 Sometimee it is yery diffioolt to obtain a oonstaat weight by the means indicated in 
the text. Id such cases, instead of heating the flask on the water-oyen, it should be kept 
on the bath of boiling water and a moderate current of air, filtered by passing it through 
a tube containing cotton-wool, should be blown through it by a second tube passing 
through the cork. The fittings are then detached, and the flask heated for a short time 
in the water-oyen. 

* Traces of fatty oils which had escaped saponification and traces of soap are apt to pass 
into the ethereal solution, and hence the proportion of unsaponifiable matter found is 
often slightly reduced on treating the ether-residue with alcoholic potash, and again 
extracting the solution of the soap with ether. 
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The following table indicates the behayior of the constituents of 
complex mixtures of fats, oils, and waxes when the aqueous solution 
of the saponified substance is shaken with ether : — 



Dissolved by the Ether. 


Rbxainino in tub Aquboob Liquid. 


Hydrocarboh Oils; including 


Fatty Acids. ^ 


Shale and Petroleum Oils, 






Rosin Oil Hydrocarbons, 


Resin Adds. 


In the form of 


Coal-tar Oil. 




potassium 


Paraffin Wax and Ozokerite, 


Carbolic and 


sahs. 


Vaseline. 


Cresylic Acids, 




Neutral Resins. 


and ether phenols. J 




Unsaponified Fat or Oil. 




Unaaponifiable mgtter, as Choles- 




terin, from liver oils, &c. 


Glycerol (Glycerin). 


Dodecatyl Alcohol, from Sperm and 




Bottlenose Oils. 




Cetyl Alcohol, from Spermaceti. 


Excess of Caustic Potash. 


Myricyl Alcohol, frotti Beeswax. 




Coloring matters, as from Palm Oil. 





The hydrocarbon having been isolated by saponifying the sample 
and agitating with ether, its nature may be ascertained by observing 
its specific gravity, taste, and smell, behavior with acids and bromine. 
If the proportion be small, it may be necessary to operate on a larger 
quantity than 5 grm. of the sample. A good approximation of 
the specific gravity of the extracted hydrocarbons may be made 
on Hager*s principle, by adding a drop of the oil to very dilute 
alcohol, or ammonia, and adjusting the strength of the liquid so that 
it may be identical with that of the drop of oil. The specific gravity 
of the. dilute alcohol is then ascertained in the usual way. The fluor- 
escence of hydrocarbons is best observed in the manner described on 
page 111. It often becomes intensified by treating the extracted hydro- 
carbon with an equal measure of strong sulphuric acid. 

The smell and taste of the hydrocarbons are often highly charac- 
teristic of their origin. The smell of coal-tar oil is readily observed; 
and the taste, especially the aftertaste, of rosin oil is not to be mis- 
taken. The smell produced on strongly heating a drop of the oil in a 
platinum capsule is also highly characteristic. Further details re- 
specting the tests for hydrocarbons are given in the section on *' Min- 
eral Lubricating Oils." 

The higher alcohols from sperm and bottlenose oil may be separated 
from hydrocarbons by treating the ether-residue with rectified spirit. 
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which dissolves the alcohols without notably affecting the hydro* 
carbons. 

If the aqueous liquid separated from the ethereal layer be treated with 
dilute sulphuric acid, the fatty acids are liberated, and may be weighed, 
titrated with standard alkali, of otherwise examined. 

When it is merely desired to ascertain approximately the proportioo 
of hydrocarbon oil in a mixture, and not to isolate it and examine it 
further, there is no occasion to extract the solution of the saponified 
oil with ether. Instead, the aqueous liquid may be at once acidulated 
with dilute sulphuric acid, a little ether added to promote the separa* 
tion of the mixed hydrocarbon oils and fatty acids, the aqueous liquid 
tapped off, and the oily layer repeatedly agitated with water till the 
washings are no longer acid to litmus. Rectified spirit and a few 
drops of phenolphthalein solution are then added, and the liquid 
titrated with decinormal alkali. The oleic acid thus deduced, mul- 
tiplied by 1'053, gives the amount of saponifiables, and the differ- 
ence may be regarded as unsaponifiable matter. The latter repre- 
sents the hydrocarbons, and the former the fat or fixed oil of the 
mixture, provided that waxes, including sperm and bottlenose oils, are 
absent. 

When the nature of the fat or oil is known, and it is merely de* 
sired to estimate the proportion of hydrocarbon present, and not U> 
ascertain its exact character, a very fair approximation to the truth 
can be obtained by ascertaining the saponification-equivalent of the 
sample. 

The table on page 117 gives an outline of the processes described in 
the foregoing section. 



IDENTIFICATION OF FIXED OILS. 

The recognition of an unmixed fat or fixed oil may usually be 
effected by a careful application of the methods of examination 
already described. Systematic schemes for the purpose have been 
devised, but can not be implicitly relied on, owing to the variable 
nature of the bodies themselves. The color- reactions are of little 
value, unless confirmed by the indications of other tests. 

In examining fats and oils for the detection of adulteration, the 
relative commercial value of the different kinds should be kept in 
view. In addition to the adulteration of the more valuable bodiea 
with the cheaper, the use of hydrocarbon from distillation of petro- 
leum, shale, coal, and rosin, is also extensively practised. 
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Id practice it is often of less importance to know the origin of a 
sample than whether it may be used as a substitute for the genuine 
oil. This, maj be ascertained with tolerable certainty and in some 
cases the nature of the adulterants definitely detected. 

It is not possible to give a general scheme available for the identi- 
fication of any unmixed fat or fixed oil, but the examination may be 
conducted on a systematic plan. By the following method identifi- 
cation may generally be efiected» and much information gained that 
will suggest the special tests for the bodies suspected to be present : — 

1. Place a drop of the oil on the back of the tongue by means of a 
glass rod and taste it -carefully, avoiding too hasty a decision. In this 
manner marine animal oils, linseed, croton, mineral, rosin, and 
some other oils may often be detected. Rosin oil is remarkable for 
the nauseous after- taste produced by it Rancidity may also be recog- 
nised by taste. 

2. Heat a portion of the sample in a porcelain or pliitinum capsule 
to about 140** or 160** C, and observe the odor carefully. When 
sufficiently cool, pour a little into one hand, rub with the other, and 
smell again. A little practice will allow of vegetable oils being 
readily distinguished from animal oils, and the products of fish and 
marine mammals from those of terrestrial animals. The odor on heat- 
ing will also frequently permit the recognition of mineral and rosin 
oils, and, if the remainder of the sample be strongly heated till it 
ignites and the flame then blown out, the vapors will often have a 
characteristic odor. 

3. Ascertain the specific gravity of the sample at 15*5^ C. if fluid at 
that temperature, but at the boiling point of water (page 29) if solid at 
the ordinary temperature. This test is valuable, but if the sample be 
very old, or a mixture of several bodies, or if much free acid be present, 
the indications are less reliable. The tables on pages 119 and 120 will 
enable an unmixed substance to be arranged in one of nine groups. 
More precise figures are given in the tabjes on page 91 et seq. 

Sperm and bottlenose oils are readily distinguished from shale and 
petroleum products of 8i^liIar density by the elaidin test, the deter- 
mination of their saponification-equivalents, and the quantitative 
results of their saponification. Their determination when mixed 
with hydrocarbon oils maybe effected as described under "Sperm 
Oil." Oleic acid is distinguished from hydrocarbons by its solubility 
in an aqueous solution of caustic soda. Mixtures of oleic acid and 
hydrocarbons may be analysed 'by titration with standard alkali. If 
fixed oils be present, the methods given on page 117 should be used. 



FIXED OIUS AND FATS. 

Oils. 
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SUBSTAXCS. 


Spscifio OBAvrrr at IS* to IS* C. 


•S76 to -884. 


•884to-Sia. 


•913 to -MO. 


•920 to -887. 


■987 to -970. 


Vegetable 

Terres- 
trial 

Animal 
Oils. 

Marine 
AnimaL 
Oils, 

Free 

Fstty 
Acids, 

Hydro- 
carbons, 


None. 

None. 

Sperm. 
Degling. 
Bottle- 
None. 

Shale 
products. 
Petro- 
leum 
products. 


None. 

None. 

None. 

Oleic 
acid. 

Shale 
products. 
Petro- 
leum 
products. 


OUve i 

Almond I 
Arachis £ 
Bapeand |* 
Oolsa 1 
Mustard | 

Neatsfoot 
Bone. 
LardoU. 
TUlowoil. 

Heavy 
petroleum 
products. 


Gotten- . 
seed 1 

Sesame g 
Sunflower t. 
Hazelnut S 
Poppyseed | 
Hempseed 7 
Linseed I 
(»w) 1 
Walnut * 

Coconut olein. 

None. 

Whale. 

Porpoise. Seal. 
Menhaden. 
Codliver. 
Shark-liver. 

Linolic acid. 

Heavy 
mineral oil. 


Japanese 
wood. 

Croton. 

Gsstoc 

Boiled lin- 
seed. 

Blown oils. 

None. 

None. 

Ricinolic 
add. 

None. 



Fats. 



SUBSTAVCB. 




•780 to -800. 


•800 to -866. 


•885 to -888. 


•863 to -877. 


Animal Fbte, 


None. 
None. 


None. 
None. 


Palm oil. 
Cacao butter. 

Tallow. 
Lard. Suet. 
Dripping. 
Bone fat. 
MargRrine. 


PalmnntoiL 
Coconut oil. 
Japan** wax." 
Myrtle** wax." 
Cottonseed 
stearin. 

Butter fat 
Compound lard. 
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Waxes. 



Substance. 


Spbcxfic Gbavitt at 98^ to 100® C. 


•750to-80a 


•800 to -855. 


.8«U>-868. 


•868 to -877. 


Vegetable 

and Animal 

Waxes, 

Free Fatty 
Adds, 

Hydro- 
carbons, 


None. 

None. 

Paraffin 

wax. 
Ozokerite. 


Spermaceti. 
Beeswax. 
Chinese wax. 
CarnaUba wax. 

Stearic acid. 
Palmitic acid. 
Oleic acid. 

Shale and 
petroleum 
prodncta. 


None. 

None. 
Vaseline. 


None. 
None. 



The hydrocarbon oil produced by the distillation of rosin is not included in 
these tables, as its high density ('970 to 1000) places it ontside any of the 
classes. The same remark applies to rosin itself, which is somewhat denser 
than water, and to coal-tar products of high boiling point ivhich might be mis- 
taken for, or foond mixed with, the fixed oils. 



The non-drying vegetable oils are distinguishable from the similar 
oils of animal origin by their taste and odor on heating. The melting 
points of the acids from animal oleins are much higher than those 
'prepared from the vegetable non-drying oils. Many of the vegetable 
oils show absorption-spectra which is never the case with animal 
oils. The vegetable non-drying oils may be distinguished from 
each other by various tests. Rape and mustard oils are distinguished 
from others by insolubility in glacial acetic acid and by high 
saponification-equivalents. Bone oil usually gives an orange or 
^kldish-yellow elaidin of a pasty consistence, while lard oil and tallow 
oil yield a firm product of a pale or lemon-yellOw color. The product 
from neatsfoot oil is variable. 

The acids from the moderately drying oils, especially cottonseed, 
solidify at a much higher temperature than those from the strongly 
drying oils, and the same distinction applies, though in a less-marked 
manner, to the oils themselves. 

The oils possessing drying characters may be in a great measure 
diflferentiated by their specific gravities and viscosities. The elaidin- 
test and color-reactions furnish further means, to which may be 
added the solubility in glacial acetic acid, rise of temperature with 
sulphuric acid, iodine-absorption, and melting and solidifying points 
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of the acida. The figures ordinaril j yielded by those methods of 
examination are expressed in the following table: — 







TUBBIDITT- 

tkmpkratuhb. 
(Valknta.) 


Trmpbbatubb 

WITH SUly- 
PHURIO ACID. 

(Maumkm*.) 


lODIIfB 

Absobftion. 
(HObl.) 


Fatty Acim (HObl). 


Oil. 


MdtiDg 
Point 


Solidl/ylDg 
Polut. 


Cottonseed, 
Sesame, . 
Nigerseed, 
Poppyseed, 
Hempseed, 
Linseed, . 
Walnut, . . 




87 to 110 

87 to 107 

49 

••• 

67 


67 to 75 
67 to 70 
81 to 82 
86 to 88 

98 

103 to 111 

101 


105 to 109 
103 to 108 

133 
134 to 137 

143 
155 to 160 
142 to 144 


37-7 

260 

260> 

20-5 

190 

170 

200 


30-5 
22*3 

16*6 
150 
13-3 
16-0 



Gooouut olein is distinguisued from other vegetable oils by its low 
•aponificatioD-equivalent and the very moderate heating produced 
by salpharic acid. 

The marine animal oils may be distinguished as a class by their 
fishy smell and taste ;/ by the red or reddish-brown color obtained on 
saponifying them ; and by the darkening that ensues on passing a cur- 
rent of chlorine through them. They may be diflTerentiated by their 
saponification-equivalents, behavior with acetic acid, rise of tempera- 
ture with strong sulphuric acid, and other tests. 

The color-test with sulphuric acid is useful. Porpoise oil and some 
varieties of whale oil contain a notable proportion of esters of lower 
acids, and give characteristic results with tho distillation-test. 

Oils of specific gravity above '937 are few and easily distinguished. 
Croton and castor oil are purgative and readily soluble in rectified 
spirit, but ht^e little further resemblance. Boiled linseed oil and 
Japanese wood oil have specific gravities between *937 and '950, dry 
rapidly on exposure, and give a firm brown or black clot with sulphuric 
acid. Blown oils closely resemble castor oil, but may be distinguished 
as described in the section treating of that oil. Rosin oil has a specific 
gravity exceeding '970, and is not saponified to any considerable extent 
by alkalies. It is readily identified by its strong after-taste, and the 
terebinthinou3 odor developed when the sample is heated till it catches 
fire, and the flame then blown out. Mixtures of rosin oil with fatty 
oils may be analysed as described on page 112. 

1 This figure it not da« to HUbl, but is the mean of Mveral determinations by L. Aroh- 
\>att. Habl's melting and solidifying points were determined by introducing the fatty 
adds into a nurow test-tabe, gently agitating with a thermometer, and noting the point 
St wbieh the whole contents become either quite clear or slightly cloudy. 
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The foIlowiDg table shows the behavior of the principal fish oils 
with important tests. For comparison, sperm and bottlenose oils are 
included in the table. 





Sapohifica- 

TION- 

Equivalent. 


Turbidity- 
Tempera- 
ture. 


Temprra- 

turk with 

Sulphuric 

Acid. 


HALOCrN-ABSORPTIOK. 


OIL. 


Bromine. 


Iodine. 


















BrX-VV- 


DirecL 


Sperm, . . . 


380 to 454 


96 


45 to 47 


56 


89 


84 


Bottlenose, . 


419 to 456 


102 


41 to 47 


49 


78 


80 


Whale, . . . 


250 to 296 


31 to 83 


85 to 91 


51 


81 


••• 


Porpoise, . . 


256 to 260 


40 


50 


... 


... 


,., 


Seal 


286 to 296 


72 


92 


67 to 60 


91 to 95 


,, 


Menhaden, . 


292 


64 


123 to 128 


... 


... 


148 


Cod-liver. . . 


303 


79 to 101 


103 to 116 


61 to 87 


129 to 138 


••• 


Ling-liver, 


••• 


•.. 


.«. 


82 


131 


• •a 


Haddock-liver 


,,. 


>«• 


.•• 


no 


175 


.. 


Skate-liver, . 


•«• 


••• 


102 


109 to 123 


173 to 195 


«•• 


Shark-liver, . 


316 to 400 


105 


90 


64 


134 


... 



The solid hydrocarbons having a density below -800 at the boiling 
point of water are described under " Paraffin Wax." 

The distinctions between the various waxes are fully indicated in 
the table on page 102, and in the special sections on ''Spermaceti/' 
" Beeswax," and ** Caruaiiba Wax." Free acids are at once distin- 
guished from the waxes by their solubility in alcohol, behavior with 
alkalies, and their sapouification -equivalents; from each other by their 
melting points and combining weights. Vaseline and similar hydro- 
carbons are sharply distinguished from the waxes and fatty acids by 
being incapable of saponification. 

The vegetable fats of low specific gravity are somewhat numerous 
and have not been much studied, but few of them are common. 
The color, taste, and odor suffice to distinguish many of them, and fur- 
ther information is afforded by Valenta's acetic acid test and the 
determination of their melting and solidifying points. The animal 
£Etts may be distinguished by similar means. 

The vegetable fats of high specific gravity are readily differentiated. 
Coconut and palmnut oils are soft, melt readily, and have low saponi- 
fication-equivalents. Japan and myrtle wax are hard, wax-like bodies 
of comparatively high melting point. (See "Japan Wax.") Palmnut 
foil is distinguished from coconut oil and coconut stearin by its taste 
•and smell. Butter-fat is the only fat of animal origin (except wool 
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fat) having a specific gravity higher than '863. Its odor, taste, and 
behavior with Reichert's test are highlj characteristic. 

The nature of the sample having been indicated, further confirma- 
tion may be obtained by means of the tables commencing on page 91. 
The principal fats, oils, and waxes are described at greater length in 
the following sections. 

In the case of a sample consisting of a mixture of wholly unknovofi 
bodies^ identification of the constituents is often a difficult problem^ 
but when the leading component is known or can be recognised, the 
detection of the others becomes more feasible. In most cases oils can* 
not be recognised by distinct and specific tests, such as exist for the 
different elements, and in arriving at a conclusion as to the compo- 
sition of any sample of mixed oils the analyst must be content to 
be guided in a great measure by circumstantial evidence and a careful 
consideration of probabilities. The foregoing methods of examination 
are of course employed, and in addition such special tests as will be 
found described under the various heads. The sub-articles descriptive 
of the more important substances <;ontain a list of the admixtures 
rooet commonly found in each and special tests suitable for its detec* 
tion. 

The following facts are important in the examination of complex 
samples, and to a less extent for the identification of unmixed ones. 

Much information may be obtained by determining the products 
formed by saponification. Thus most fixed oils and fats yield a soap 
and glycerol, but sperm oil and the waxes yield products differing 
from glycerol in being insoluble in water but soluble in ether. Sperm 
the bottlenose oils only yield about 63 per cent, of fatty acids, while 
most other fixed oils (not the waxes) give about 95 per cent. Butter- 
fat, porpoise oil, and the oils from coconut and palmnut yield a nota. 
ble proportion of acids which are volatile or soluble in water, but in 
the case of almost all other fats and oils the acids are practically in- 
soluble. Resin gives nearly 100 per cent of resin acids and no gly- 
cerol ; mineral and rosin oils do not undergo saponification, and can 
be dissolved out of the soap solution by agitating with ether. 

The physical properties and combining weights of the acids afford 
important informatioQ. The acids from rape and castor oils neutralise 
sensibly less alkali than those from most bodies of this group. Lard, 
tallow, and neatsfoot oils yield acids of much higher melting point 
than the non-drying vegetable oils which they resemble. Cottonseed 
oil yields acids solid at the ordinary temperature, while most drying 
and semi-drying oils yield liquid acids. Any admixture of resin acids 
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tends to increase Uie specific gravity of the fatty acids, at the same 
time lowering the melting point When it is intended to examine the 
character of the acids, it is highly important that the aqueous and 
alkaline solution of the soap should be previously agitated with ether 
until nothing more is removed, as any admixture of wax or hydro- 
carbon would profoundly modify the properties of the acids. 

The details of the method of separating these admixtures and of 
determining the fatty acids will be found elsewhere. 

The drying .oils are heavier but less viscous than the non-drying 
oils, apparently in proportion to their drying tendency. The non- 
drying oils give solid elaidin, the product becoming less and less 
firm as it is derived from a more strongly drying oil. Similarly, 
the heating produced by mixture with sulphuric acid, the solubility 
in glacial acetic acid, and the iodine-absorption appear to bear a 
direct relationship to the drying properties of a vegetable oil. By 
a careful application of these facts an approximate estimate of the 
proportions of difierent oils in a mixture can often be made. 

SPECIAL CHARACTERS AND MODES OP EXAM^* 
INING FATS, OILS, AND WAXES. 

Olive Oil. 

French — Huile d'olive. Oerman — OlivenoL 
(See also p. 91.) Olive oil is extracted from the fruit of the olive 
by pressure or by solution in carbon disulphide.^ 

^ Of the oomm«rcial varieties, Prorenoe and ToBonii oils are among the meet etteemed. 
The finest grade in the market is " finest oream ■ublime oil," which is imported from 
tieghom. Oils of other origin, in the order of their eommeroial ralae, are ** Sublime^" 
Oallipoli, SioiUan, Spanish, Portuguese, Leyant, and Mogadon That imported from 
Bfaz, on the coast of Tunis, as weU as that sold in the so-called " Florenoe flasks," if 
Qsually of inferior qualitj. Lucca and Gallipoli oils are well-known brands, and mneb 
excellent oil is expressed in Spain, and exported from Malaga and Senile. Much olive 
oil is now prepared in California. 

The variations in the quality are largely dependent on the manner in which t%e olives 
are treated, as, e,g,, the care with which the fruit is plucked, the length of time it is 
Jtored before being crushed, and other conditions which affect the color, smell, and ap- 
pearance of the oil expressed. 

In some countries olive oil Is an important article of diet. It is employed in the 
manufacture of woollen cloth, and in dyeing fabrics turkey-red, though its Duplication for 
these purposes is decreasing. The inferior varieties are employed in snapmaking. It ii 
highly esteemed as a lubricant, and is largely employed when price permits. The quantity 
used in this way depends much on the price of rape oil, which is usually much oheaperf 
suid, though more liable to ** gum " than olive oil, is less apt than the latter to 1 
•ancid. 
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Olive oil varies Bomewhat in its physical characters accordiDg to its 
quality. The finest kinds have a pale yellow color, with a tinge of 
green, are almost wholly free from odor, and possess a mild and agree- 
able taste. Inferior qualities have a greenish-yellow or brownish* 
yellow color, an unpleasant odor, and a decidedly acrid after-taste. 

The ftbsorption-spectrum of the fresh oil shows well-defined chloro- 
phyl bands, which become changed or altogether destroyed on ex- 
posure to sunlight or heating with caustic alkali. 

When cooled to about 10^ C, it deposits a white granular fat. At 
0^ it solidifies to a product which can be separated by pressure into a 
solid tallow-like fat, consisting chiefly of palmitin, and about 70 per 
cent of a fluid composed of olein with some linolin. Traces of choles* 
terol are present, and usually more or less free oleic acid. By saponi- 
fication olive oil yields glycerol and oleates, palmitates, and small 
quantities of arachidates and linolates. 

Olive oil is the type of a non-drying vegetable oil. It does not 
thicken materially, even on prolonged exposure to air, but gradually 
becomes rancid, a change which appears to be dependent in great 
measure on the presence of certain albuminous and mucilaginous 
matters. 

The specific gravity ranges from about '914 to '917. Commercial 
samples, expressed at a high temperature, may have a specific gravity 
as high as *926 by reason of the increased proportion of palmitin. 
6uch oils are usually dark in color. Samples containing much free 
acid have the lowest gravity. 

If free from acid it is only slightly soluble in alcohol, but dissolves 
in about H times its weight of ether, and is roiscible in all proportions 
with carbon disulphide, chloroform, and hydrocarbons. 

When heated to about 120'' olive oil becomes lighter, and at 220'' 
nearly colorless and at the same time rancid. At 315^ it suffers 
decomposition, emitting a disagreeable odor of acrolein. 

The following are some observed analytic data of the mixed fatty 
acids of olive oil :— 



Specific gravity at OO^" G.< water at 15*5*' = ;j, *843. (Allen.) 

„ „ „ 100^ C. (water at 100*» =1), '8749. 

Solidifying point (titer test), 16*9<> to 26*4*' C. (Lewkowitsch. ) 

Melting point, 19*» to 28-5*» C. 

Saponification value (mgrm. KHO)» 193. (Thoemen) 

Iodine vnlne, 86 to 90. 

Befiractive index. 1*441. (Thoemer.) 
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^AssAY OF Genuine Olive Oil. 

Genuine olive oil often contains a notable quantity of free acid, the 
proportion of which increases by keeping and exposure. In 89 samples 
intended for lubrication, and known to be genuine, Archbutt found 
proportions of free acids, (calculated as oleic) ranging from 25*1 to 2'2 
per cent, the average being 805 per cent. He found that more than 
5 per cent, of free acid renders the oil unsuitable for burning, causing 
a serious charring of the wick. Oil intended for table use should con- 
tain little free acid, but for soap-making it is no detriment, and for 
turkey-red dyeing a very acid oil is preferred. The proportion of free 
acid in olive oil can be ascertained with ease and accuracy by titration 
in presence of alcohol with standard caustic alkali and phenolphthal- 
e'in, in the manner already described. 

Burstyn {DingLpolyL /., eoxvii. 314; Jour. Cliem. Soe., xxix. 769) 
has described the following method for estimating the free acid in olive 
oil. The process appears well suited for rapid technical investigations, 
though the volumetric method described elsewhere will be preferred 
by chemists. The oil is shaken with an equal measure of rectified 
spirit of '830 to '840 specific gravity, the exact figure being accurately 
determined. After th^ liquids have separated, the specific gravity 
of the spirit is determined. Burstyn finds that an oil, 100 c.c. of 
which contains free acid in quantity sufiScient to neutralise 1 c.c. of 
normal alkali (= *282 per cent, of oleic acid), will raise the gravity of 
the alcohol from *830 to '8325, and that each additional 1 c.c. of 
alkali neutralised corresponds to an increase of '0003 in the density of 
the spirit. Hence the increase due to the solution of a trace of neutral 
fat is '0022, and that each increase of '0001 in specific gravity be- 
yond, this number represents '^fi = '094 grm. of free acid per 100 cc. 
Burstyn states that the action of olive oil on brass is regularly and 
directly proportional to the percentage of free acid present 

In examining oil intended for cooking or table use, the flavor and 
odor should be carefully observed, as many apparently genuine speci- 
mens which are fairly free from acid are unsatisfactory in this respect. 

Examination of Olive Oil for Adulterants. 

Olive oil is very liable to adulteration, the sample being sometimes 
colored to give it the appearance of green olive oil. Cottonseed oil is 
perhaps the most frequent adulterant; but arach is, sesame, poppy, and 
rape oils are also used. Poppy oil is said to be a favorite addition, on 
account of its sweet taste and slight odor. Fish oils are occasionallv 
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•mplojedy meDhaden oil beiog said to be used frequeDtly. Lard oil is 
largely used when the price permits of it, " superfine Lucca oil " being 
stated sometimes to contain as much as 60 to 70 per cent. Hydrocar- 
bons are also used. 

In the United States cottonseed oil is largely sold under the name 
of olive oil. In fact, the label ''Huile d'olive vierge, E. LouboUy 
ITioe/' is generally understood in the grocery trade to indicate cotton- 
seed oil. 

-In examining olive oil, the most important indications are the 
specific gravity, the solidifying point, the saponification equivalent, 
the iodine absorption, the rise of temperature on treatment with sul- 
phuric acid and with bromine, the elaidin test, Livache's test, and 
certain color-reactions. Some sophistications require the application 
of special tests for their detection. 

The specific gravity of olive oil varies very sensibly with the quality, 
the most acid specimens having the lowest specific gravities. The range 
allowed by the German and United States Pharmacopeias is between 
*915 and *918, at 15^ C. Of upwards of eighty samples of genuine 
olive oil examined by Arcbbutt, the specific gravity at 15*6^ C, 
compared with water at the same temperature, never exceeded 'QIT, 
and was rarely as high. The lowest gravity observed was '9136, 
the sample containing 24*5 per cent, of free oleic acid. Hence it is 
evident that the proportion of free acid should be taken into account in 
judging the character of olive oil from its gravity. Taking the density 
of genuine neutral olive oil as *917, it appears that each 5 per cent, of 
free acid diminishes the specific gravity of the sample by about '0007. 
Adulteration of olive oil with rape ail will tend slightly to reduce the 
gravity of the sample, whilst addition of the oils of Groups III. and 
IV. will increase it A judicious admixture of rape and cottonseed oils 
will not affect the gravity of the sample, but the presence of any con- 
siderable proportion of rape oil will sensibly raise the saponification- 
equivalent of the sample. 

The iodine absorption is a valuable means of detecting adultera- 
tions of olive oil. Genuine samples usually show an absorption vary- 
ing from 81 to 85 per cent. California oils give higher figures. Bias- 
dale has found absorptions of from 80*4 to 86*5, and Langfeld and 
Paparelli 77*2 to 88*6 per cent Rape, sesame, and cottonseed oils 
all assimilate upwards of 100 per cent, and poppyseed, hempseed, and 
linseed oils from 134 to 160 per cent Arachis oil is not so distinctly 
indicated. 

The rise of temperature on treating the sample with sulphuric acid* 



128 PIXED OILS AND FAlGL 

or with bromine, are valuable indications of the purity of olive oil. 
Almost all oils, except coconut olein and tallow and lard oils, produce 
more heat than olive oil, so that a rise of temperature with sulphuric 
acid of more than 44^ C. may at once be considered as indicating 
probable adulteration, and in some cases it allows of an approximate 
estimation of the extent of the sophistication; 

Archbutt (J. S. C. L, 1897, 309) has determined the heat of bromina- 
tion of ten samples of olive oil, and gives figures ranging from 13*55 to 
14-5. 

The elaidin test is also of great value. Pure olive oil yields in less 
than two hours, at from 15 to 20^ C, a mass that cannot be displaced 
by shaking the bottle, and in twenty-four hours a solid and sonorous^ 
pale yellow or nearly white mass is produced. With adulterated 
samples, the elaidin is orange or dark red, and liquid or semi-solid. 
Not unfrequently a liquid layer is formed on the surface of the solid 
elaidin. The test is applicable to the detection of sesame, rapeseed^ 
cottonseed, poppyseed (as little as 5 per cent.), linseed, and other oils 
of Groups II. and III. when in admixture with olive oil. Exposure 
to air under the conditions prescribed on page 68 is also a test for an 
admixture of the drying oils. 

The rise of temperature and the results of ^he elaidin test are much 
less marked when the oil has been long exposed to sunlight. 

The melting and solidifying points of the fatty acids will often allow 
the nature and proportion of an admixture with olive oil to be inferred^ 
and O. Bach has suggested the use of J. David's process of separating 
stearic and oleic acids for detecting adulterants. According to Bach^ 
if 1 cc. of the fatty acids from genuine olive oil be treated with 15 
c.c. of David's alcoholic acetic acid, perfect solution takes place at the 
ordinary temperature, but the acids from cottonseed oil are insoluble, 
and the solution obtained by warming the liquid gelatinises when 
cooled to 15^ C. The acids from sesame and arachis oil are stated to 
behave similarly, while those from sunflower oil dissolve on warming, 
but separate as a granular precipitate at 15^ C. The acids from rape 
oil are completely insoluble and float on the surface of the liquid. 
Olive oil containing 25 per cent, of sesame or cottonseed oil yields 
acids which form a granular precipitate, biit smaller proportions can- 
not readily be detected. 

For detecting the admixture of cottonseed oil^ the specific gravity, 
iodine number, bromine and sulphuric acid thermal values, Livache's, 
Becchi's and Halphen's tests and the nitric acid color test (see " Cotton*: 
seed Oil") are available. 
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Sesame oil may be detected by the modified Baudouin test (See 
"Sesame Oil.") 

Several observers have noted that certain varieties of olive oil con- 
taining coloring matter from the aqueous part of the pulp of the fruit 
give a rose color with the hydrochloric acid-furfural test, but that 
by applying the test to the dried fatty acids the efiect of this may be 
obviated. Silva (Analyst^ 1898, 77) has noted that Tocher's reagent 
gives no coloration with these oils, and prefers it for the detection of 
sesame oil in olive oil. 

Araehia M has about the same density as olive oil, but solidifies 
somewhat less readily. It may often be recognised by its odor and 
taste, but positively by isolation of arachidic acid. It gives a red 
color with nitric acid, but yields slowly a solid elaidin with nitrous 
acid. A sample of so-called "green olive oil, from Malaga," was 
found by Cailletet to consist solely of arachis oil colored with copper 
acetate. 

Lard oil is difficult to detect with certainty in olive oil, but its 
presence may be inferred from the altered viscosity of the sample, the 
diminished intensity of the absorption-bands, the higher melting 
point of the fatty acids, in some cases by the odor of lard developed 
on warming the sample, and the bromine thermal value. 

Fisk oib will be detected by the smell on warming the sample ; by 
the red color produced on heating the oil with a solution of soda ; by 
the brownish color developed with sulphuric acid ; and by the darken- 
ing produced on agitating with hydrochloric acid or passing chlorine. 

Sydroearbon oils may be detected and determined by the methods 
described on page 112 et seq. 

The use of Amagat and Jean's oleo-refractometer may aid in detec- 
tion of adulteration of olive oil. Oliveri (J, 8. C. J., 1894, 46). gives 
the refraction coefficient of 106 pure olive oils compared with those 
of other oils, as follows: — - 

Oiu DsYiATioir. 

Olive, 0to2 

Cottonaeed, 18 

Sesame, «. 15'6 

Colza, 26-5 

Arachis, ..75 

Castor , 41 to 44 

These figures indicate that, by means of the oleo-refractometer, admix- 
tures of any considerable quantity of the above oils with olive oil may 
be detected, as the refraction coefficient would be above 2. Arachis 
VOL. n.— 9 
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oil is, however, an exception, since a mixture of 25 per cent, of this 
and 75 per cent of olive oil with a refraction coe£Scient of 0*25 
would not produce a deviation above 2. 

Olive-Kernel Oil is of a dark greenish-brown color, and has 
about the same saponification-equivalent and iodine-absorption as olive 
oil ; but the densitj is about *920, and it is stated by Valenta to be 
soluble in an equal measure of glacial acetic add at the ordinary 
temperature. 

The oils extracted by carbon disulphide from pressed marc (" sulpho- 
carbon oib*') resemble -olive-kemei oil in their behavior with acetic 
add, usually yield no solid elaidin, have an iodine-absorption of 79 to 
80, and are characterised by their dark color and unpleasant smell. 

TuRKET-RED OiL. — In dydng cotton turkey-red a necessary stage 
consists in treating the cloth with oil. The oil employed for this pur- 
pose ia England is frequently the variety of olive oil known as "Oal- 
lipoli oil.'* Although olive oil is not essential, a thoroughly non- 
drying oil must be used, and this is ascertained by the elaidin-test A 
good sample will give a firm and nearly white elaidin. A yellow, soft, 
or semi-fluid product indicates undesirable^dmixtures. 

Oil suitable for turkey-red dyeing is prepared from somewhat unripe 
olives, which are steeped for some dme in boiling water before being 
pressed. Through this treatment the oil contains a large proportion 
of foreign matter, and soon becomes rancid. Another plan is to agi- 
tate oil which has been some time in store for several days at a tem- 
'.perature of about 40^ C, air being allowed free access. A third 
method is to add oleic «cid to the oil. 

Turkey-red oil should form a whitCy emulsion when agitated with a 
dilute solution of caustic alkali or alkali carbonate. One part of the 
sample should be beaten up with from thirty to forty parts of semi- 
normal caustic soda solution. After standing six hours, the mixture 
should be still homogeneous, without any sign of separation of the oil. 

An entirely different preparation, now extensively used as a turkey- 
red oil, is prepared from castor oil. 

Almond Oil. 

-FVencA— Huile d'amande. German— Mandelol. 

(See also p. 91.) Almond oil is a fixed oil expressed from either sweet 
or bitter almonds. The oil of commerce is mostly obtained from 
bitter almonds, the marc of which is then distilled with water to obtain 
the essential oil. Fixed oil of almonds must not be confounded with 



FIXED OILS AND FAT& 181 

the essential oil of bitter almonds. It is largely employed in the prep- 
aration of ointments and emulsions, for which it is better adapted than 
olive oil. 

Almond oil is thin, nearly odorless, of a straw-yellow color and 
bland taste. It does not solidify till cooled to about — 20^ C, some 
samples only becoming turbid at that temperature. According to the 
German Pharmacopeia, almond oil should remain clear when exposed 
to a temperature of — 10^ C. The 'specific gravity ranges from 
*914 to -920. It is soluble in 24 parts of cold alcohol or in 6 parts at 
the boiling point It consists chiefly of olein, more or less palmitin, 
And probahly its homologues, being also present. It contains no stearin. 
It readily turns rancid when exposed to the air, but is not a drying oil. 

The following are results of the examination of the mixed fatty 
acids of almond oil: — 

Solidifying point, 6® C. (HUbl.) 

Titer test (sweet almonds), 9'5-10'l. (Lewkowitsch.) 

,, „ (bitter almonds), ll-3-ll"8. „ 

Saponification value (mgrm. KHO), 204. (Tboeraer.) 

Iodine value, 03*5-06*5. (De Negri and Fabris.) 

Refractive index, 1*4461. (Thoemer.) 

COMMEBCIAL AlMOKD OiL. 

Almond oil is frequently adulterated with, and sometimes entirely 
substituted by peach-kernel or apricot-kernel oil, which is sold in ]Sng- 
land as '' foreign almond oil." Olive, arachis, sesame, rape, poppy, and 
lard oils are also liable to be employed. 

Many of these additions may be detected by observing the absorp- 
tion spectrum of the sample, almond oil differing from most vegetable 
oils in not giving either a banded spectrum or producing^trong absorp- 
tion in the red or violet. 

Cottonseed oil may be detected by the nitric acid, Becchi's or Hal- 
phen's test, or by the solidifying point of the mixed fatty acids (see 
page 134). Arachis oil may be detected by Renard's test (see "Arachis 
Oil ")• 

The elaidintest serves for the detection of poppy and rape oils, the 
solidification being much retarded by those adulterants. The nitric 
acid color tests described on page 86 also serve for the detection 
of several foreign oils. According to the German Pharmacopeia, 
if 15 parts of the oil be well agitated with a mixture of 3 parts of 
fuming nitric acid and 2 parts of water, the mixture should be whitish, 
not brown or red (absence of. eotUmseed, earthnut and sesame oils), and 
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after Beveral hours should form a solid white mass (absence of drying 
oUs) the aqueous liquid being nearly colorless. The test also detects 
the presence of peach or apricot oil. 

J. D. Bieber recommends that 5 parts of the sample should be agi- 
tated with 1 part of a cold mixture of equal weights of strong sul- 
phuric acid, water, and fuming, nitric acid. When thus treated almond 
oil gives a white or yellowish-white liniment ; semme oU, a product which 
is at first green or pale yellowish-rk!, but changes very rapidly to a 
dirty orange-red ; peachrkernel ail, a reddish or peach-blossom color, 
changing to dark orange. 5 to 10 per cent, of these foreign oils is said 
to be recognisable. 

T. Maben has determined comparative reactions shown by samples 
of almond, peach, and apricot oils. A negative reaction with the zinc 
chloride test suffices to prove the absence of peach and apricot oils. 





Almond. 


PeaCH'KERREL. 


Aprioot-ksbkel. 


Specific gravity at 15-6<> G 1 


•9180 


•9232 


•9204 


Consistency at —20° C, ... 


{O^Xid"'} 


SUghtly viscid. 


SUghtly viscid. 


Bromine absorption, 

Elaldin test; product, . . . . 


White fiiaPd. 


77 
Citron-yellow; 


70 
Light yellow; hard. 


Nitric acid color test, .... 
Sulphuric acid color test, . . 

Zinc chloride color (est, . . . 


Sli^t action. 
Yellow to orange. 

Ko change. 


Dark brown. 
Dark brown. 

Parple-brown. 


Light brown to red- 

dlsh-brQwn. 
Muddv brown, with 

shade of purple. 



For the nitric acid test 6 o.c of the sample were shaken vigoroualy 
with an equal measure of pure nitric acid of 1*42 specific gravity, and 
the coloration observed at the end of five miButes, an hour, and five 
hours. 

For the zinc chloride test a saturated solution of zinc o^ide in 
strong hydrochloric acid was prepared. 6 drops of this and 10 of the 
sample are stirred well together with a glass- rod, and the coloration 
noted. 

Pure almond oil gives a homogeneous and very firm mass when 
shaken with one-ninth* of its measure of strong ammonium hydroxide, 
while the sample is merely clotted in the case of the sample being 
adulterated with poppy oil, the presence of which would be further 
indicated by the elaidin test, the increased temperature developed 
with sulphuric acid, and the abnormal iodine-absorption. 

Lard oil and olive oil are indicated by the formation of a white 
granular deposit when the sample is exposed to a temperature of — 5^ 
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C. for 20 minutes. Lard oil will be further indicated by the odor 
developed on warming the sample, and by the high melting point of 
the fatty acids, and olive oil may usually be detected by the banded 
absorption-spectrum. 

An increased saponification-equivalent indicates the presence of 
rape oil. 

Arachis Oil. Earthnut Oil. Peanut Oil. 

French — Huile de pistache de terre. Oerman — Erdnussol. 

(See also p. 91.) Earthnut oil is obtained from the nuts of Araehie 
hypogcea^ an herb indigenous to America and now cultivated in vari- 
ous countries, the oil being expressed chiefly in France. The seeds 
contain about 45 per cent, of oil, which in India is called katchung M, 
and is largely used as a substitute for olive oil. 

Arachis oil is usually pale greenish-yellow, and of a peculiar nutty 
flavor and smell, but may be prepared nearly colorless and almost 
tasteless. It becomes turbid at about 3^, and solidifies at about — 6^ 
C The specific gravity of the finest quality is '916, and that of the 
last runnings as high as '920. 

Arachis oil contains olein, linolin, palmitin, arachidin, stearin, and 
probably also lignocerin and hypogein. 

Sadtler {Analyst, 1897, 284) gives the following analyses of arachis 
oil from various sources : — 



Specific gravity at 15** C. 
Saponification value, . . 
Saponification equivalent 

Iodine value, 

Hehner value, .... 
Reichert-Meissl value, . 
Free acid as oleic per cent. 

Cold test, 

Manmen6 test, . . . 
Melting point of fatty 

acids, 

Solidifying point of fatty 

adds, . . , • . 



Oil from 

ViROIKIA 

Nuts. 


Oil from 

Spanish 

Nuts. 


Oil prom 

African 

Nuts. 


Oil from 
fuducheri 


COMMRR* 

ciAL Oil. 


0-917 


0-9175 


0-911 


0-920 


0-9209 


192-53 


190-e8 


194-0 


193-1 


1921 


2910 


2941 


2890 


290-5 


292-0 


91-75 


9417 


85-6 


95- 


98-4 


94-87 


95-31 


... 


... 


95-86 


0-48 


1-60 








0-55 


0-79 


0-62 




6-20 


+ 30C. 


+ 30C. 


+ 2<>C. 


... 


H-10«>C. 


56-75«C. 


... 


... 


49«»C. 


45-5«» C. 


29«C. 


34«C. 


30«»C. 


29*»C. 


• 28« C. 


27-5«» C. 


32-5« C. 


29^ C. 


25«>C. 


25«C. 



Arachidic acid presents a close resemblance to stearic acid, but has 
a higher melting point (75^ C.) and is insoluble in somewhat dilute 
alcohol. These characters are utilised for its isolation, and are em- 
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ployed in the process for the detection of arachis oil in olive oil 
described below. Hypogeic acid closely resembles oleic acid, and 
may be separated from arachidic acid by treating the lead salts with 
ether. 

The following are some results of the examination of the mixed 
fatty acids of arachis oil : — 



Specific gravity at 100<» C. 






(water at 15-5<» = 1), 


0-846-0-8475. 




Titer test^ 


281-29-2. 


(Lewkowitsch.) 


Melting point, 


27-7-34. 




Saponification yalue (mgrm. 






of KHO), 


201-6. 


(Thoemer.) 


Iodine value, 


95-5-97. 




„ „ CoTomandel 






nuts, 


103-4. 


(De Negri and Fabris.) 


Mean molecular weight, 


281-8. 


(Allen.) 


Refractive index, 


1-4461. 


(Thoemer.) 



Arachis oil is chiefly employed as an adulterant of and substitute 
for olive oil. With the elaidin-test it behaves much like olive oil, but 
gives a reddish coloration with nitric add, and may likewise be recog- 
nised by its taste. It may also be detected and approximately esti- 
mated by the isolation of arachidic acic}, by a process devised by A. 
Renard (Compt Rend., Ixxiii. 1330), modified by Lewkowitsch 
C Chem. Anal. Oils, Fats and Waxes/' p. 445). 10 grm. of the sample 
are saponified, the excess of alkali neutralised with acetic acid, and a 
solution of lead acetate added. The precipitated lead salts are sepa- 
rated by filtration and extracted with ether, which leaves undissolved 
the lead palmitate and arachidate. The residue is treated with 
hydrochloric acid, the acids allowed to solidify, separated from the 
lead chloride, and dissolved in 60 c.c. of hot 90 per cent, alcohol. If 
arachis oil was present in the sample, a crop of crystals of arachidio 
acid will form when the solution cools. The liquid is filtered, and the 
crystals washed twice with 10 c.c. of 90 per cent, alcohol, and then 
with spirit of '890 specific gravity, in which they are insol- 
uble. The arachidic acid is next treated on the filter with boiling 
absolute alcohol, by which it is dissolved, and the resultant solution is 
evaporated to dryness and the residue weighed. To the amount thus 
found is added '0025 grm. for each 10 c.c. of 90 per cent, alcohol used 
in the crystallisation and washing of the acid, if the manipulation 
was conducted at 15** C; or a correction of -0045 grm. per 10 c.c. if 
at a temperature of 20^ C. The fusion-point of the arachidic acid 
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obtained in the above manner is7P to 72^, that of the pure substance 
being 76*5^. Renard obtained from 4*5 to 6*0 per cent, of arachidic 
acid from arachis oil, and the writer has isolated 5*5 per cent. Hence 
twenty times the weight of acid found (duly corrected for solubility 
as already described) will approximately represent the amount of the 
adulterant in the 10 grm. of the sample employed for the test The 
process requires considerable skill to ensure accurate results. It 
proved unsuccessful with a mixture containing less than 4 per cent, of 
arachis oil, but with one containing 10 per cent of the adulterant the 
result was within 1 per cent of the truth. 

Jean (J. S. C. L, 1898, 804) proposes a process based upon qualita- 
tive tests by Girard and Blarez. Ten grm. of the oil are saponified by 
being heated at 110^ C. with a mixture consisting of 3 grm. of potas* 
sium hydroxide dissolved in 3 or 4 cc of water and 6 c.c of alcohol 
at 36^ C. The mass is well stirred with a spatula, the heating con- 
tinued till the soap becomes dry, when it is transferred to a flask and 
mixed with 100 co. of alcohol at 36^ C, previously saturated with 
potassium arachidate at 11^ to 12^ C. The* flask is warmed under a 
reflux condenser until the soap dissolves, and is then left for twelve 
hours at a temperature of 16^ C. The precipitate is filtered off 
and re-crystallised in the same way from the saturated alcohol. It is 
then collected, transferred to a flask, and boiled with 50 cc. of water 
containing some hydrochloric acid, in order to liberate the arachidic 
acid. The latter is subsequently extracted with petroleum ether in a 
separating funnel, and after evaporation of the solvent dried at 
100^ C. and weighed. Its melting point should not be lower than 
72^ C. 

Rape Oil. Colza Oil. 

French — Huile de navette. Oerman — Bapsol ; Kolsatol. 

(See also p. 92.) This oil is obtained from the seeds of several 
species of Braanca, of the order OrucifercB. The seeds are commonly 
subjected to steam-heat before pressure, to coagulate the albuminous 
matter and facilitate the extraction of the oil. 

When freshly expressed, rape oil is a yellowish-brown or brownish- 
green viscid liquid, of a peculiar odor and pungent taste, owing to 
foreign matters present. These impurities separate to some extent by 
keeping the oil, but cannot be wholly removed by passive treatment 
They lessen the combustibility and cause much smoke during the 
burning. Brown rape oil or sweet rape oil is the commercial name 
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for the oil as expressed from the seed. It is usually refined by treat- 
ment with sulphuric acid, sometimes supplemented by agitation ivith 
alkali, and of late years a cirrrent of steam has been successfully 
applied. The refined oil is light yellow and almost odorless. 

Some writers distinguish winter from summer rape oil, and both of 
these from colza oil, but these refinements are nearly obsolete and 
have but little practical interest^ 

Rape oil stands between drying and non-drying oils. It does not 
thicken readily when heated and exposed to the air, and yet gives but 
an imperfectly solid ela'idin with nitrous acid: In non-drying char- 
acters it is decidedly inferior to olive oil, but superior in its smell and 
appearance to the lower qualities of the latter. Notwithstanding a 
slight tendency to gum, it is extensively used for engine and machinery 
lubrication, as well as for burning in railway and safety lamps. 

Bape oil consists chiefly of stearin, olein, and erucin. The presence 
of other esters — ^rapin (probably an isomeride of olein), behenin, and 
arachidin — ^has been afiSrmed, but can hardly be said to be established. 
In any case, all the oils from the CfrueiferiE agree in containing esters 
of high molecular weight, and hence have high saponification-equiva- 
lents. 

Rape oil and other oils from the OruciJercB are commonly stated to 
contain sulphur compounds, and to give rise to silver sulphide on 
treating their ethereal solutions with a few drops of solution of silver 
nitrate in alcohol. If the oil be boiled with a 10 per cent, solution of 
pure potassium hydroxide, an immersed silver coin becomes blackened. 
Sulphur is present sometimes, but is accidental. About 1 per cent of 
unsaponifiable matter, chiefly phytosterol, is usually present 

^ By some aathorities the term colia oU is restricted to the finest and lightest kinds of 
oU expressed chiefly from German or East Indian seeds. 

The following differences exist between the yarieties of rape oU, according to SchUbler 
and Lefebvre : — 



Oil. 


Specific Gravity at ISP C. 


Solidifying 
Point ; ^ C. 
ScuCblkr. 




Schabler. 


Lefebrre. 


Winter rape.... 
Sammerrape.... 

Winter colza. .. . 
Summer oolza . . . 


•912S 
•9139 

1 -9139 ( 


•9154 
•91W 

•9150 
•9167 


Below Qo 
-8°to-10o 

1 "^** { 


More viscid than win- 
ter rape. 

Produced largely in 
France. 
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The following are some observed analytic data from mixed fatty 
acids of rape oil :^ 

Spedflc gravity at 99*»C. (water at 15-5*» = 1), '8438. (Allen.) 

100« C. (water at 100*» = 1), -8768. (Arohbutt.) 

Solidifyiog point (titer test) (colza oil), 12-7-13'6. (Lewkowitsch.) 

(rapeoU), 11-7-12-2. „ 

Melting point, i6^-22*> C. 

Saponification Talne (mgnn. KOH), 185. (Thoemer.) 

Iodine number, 96'3~105'6. 

Kefractive index, 1'4991. (Thoemer.) 

Assay of Commebcial Rape Oil. 

Rape oil is subject to numerous adulterations, the more important 
of which can be detected with tolerable certainty. 

The specific gravity of the genuine oil averages '915 at 16*6^ C. Of 
51 samples of genuine rape oil examined by L. Archbutt, 7 gave 
figures below '9140, 25 between that point and '9160, and 19 between 
'9150 and *9160. The extreme ranges of variation were '9123 and 
'9159. Boverton Redwood has communicated to the author the 
results obtained by careful examination of 30 samples of brown rape 
oil known to be genuine. The figures range from '9145 to '9164, the 
average being *9149. The experience of these observers and of the 
writer himself confirms the results of Archbutt and Redwood, so that 
*9160 may be regarded as the maximum for genuine rape oil at 
15'6^ C. North German (Baltic) rape oil is usually somewhat 
heavier and less pure than the French and Belgian products. The 
seed crushed in England, imported from the East Indies and all parts 
of Europe, gives an oil varying in specific gravity from '913 to *917. 
Black Sea rape oil is usually of inferior quality. 

The specific gravity of rape oil is a valuable indication of its purity, 
as all the ordinary adulterants are heavier than the genuine oil, with 
the exception of mineral oil, which can be detected and estimated with 
accuracy by the method described on page 112. Foreign seed ails of 
more or less drying character, as sesame, sunflower, cress-seed, hemp- 
seed, cottonseed, or linseed oil, or possibly coconut olein, all range 
between *920 and '937, Hence, if the sample have a specific 
gravity of '918, it may possibly contain even 50 per cent of these oils, 
while the smell and color will be little affected. Seed and nut oils 
deteriorate rape oil by increasing its gumming properties, with the 
exception of arachis oil and coconut olein, and the addition of either 
of these is improbable. Arachis oil could be detected as in olive oil 
(page 134), and coconut olein would be indicated by the lowered 
saponification-equivalent of the sample* 
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The viscosity of rape oil is a valuable iDdication of its purity, as it 
is moderately constant and exceeds that of any oil likely to be used as 
an adulterant. The sample should always be compared with a speci- 
men of .rape oil known to be genuine, or with pure glycerin diluted to 
1*226 specific gravity, which at 15*5^ C. has the same viscosity as 
average rape oil. 

The solubility of genuine rape oil in acetic acid (page 41) is so slight 
that equal measures of the two liquids are not miscible at 120^ C. 
This peculiar behavior distinguishes the oils from the OrucifercR from 
all other fixed oils hitherto examined by the test. 

The saponification-equivalent of genuine rape oil averages 324, aud 
ranges from 330 to 318, as an extreme and rarely met with figure. 
The presence of certain admixtures can therefore be assumed if a still 
lower figure is obtained. On the other hand, if the saponification- 
equivalent exceed 330 a hydrocarbon oil is probably present, and 
should be searched for as on page 112. Refined rape oil has been fre- 
quently adulterated with purified mineral oil. This addition interferes 
with the burning qualities of the oil, causing it to smoke and form 
much deposit on the wick. The unsaponifiable matter naturally 
present in rape oil was found by B. Redwood to range from 0*18 to 
1*00 per cent. Archbutt has occasionally found a somewhat larger 
proportion. 

The iodine-absorption of rape oil ranges from 97 to 105 per cent.» 
being slightly less than that of cotton or sesame oil, and considerably 
below that of the more strongly drying oils. 

On exposure to heat in a watch glass at 100^ G. for several days 
(see page 68) genuine rape oil slowly thickens and becomes darker, 
drying gradually at the edges. After continuous heating during four 
or five days it becomes very viscous, but still remains fluid except at 
the edges. By comparing in this way, side by side in the water^oven, 
the sample with a rape oil of known purity, a very useful indication 
b obtainable. Archbutt found that geuuiue rape oil exposed in a 
thfn film on a slip of glass, at the ordinary temperature, was still liquid, 
though viscous, at the end of two years. 

The increase of temperature on treating genuine rape oil with strong 
sulphuric acid averages 69** C, the extreme variations being, accord- 
ing to L. Archbutt, from 55® to 667°. Any greater rise than corre- 
sponds to that normally yielded by rape oil under the conditions of 
the experiment may be due to an admixture of cottonseed, hempseed, 
or linseed oil. If the nature of the admixture can be otherwise 
ascertained, the proportion of the adulterant can be deduced with 
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tolerable aocnracj from the rise of temperature. Hehner's heat of 
bromination test will be valuable for the same purpose. Arehbutt 
(J. S. C. L, 1897, 311) reports eleveu samples of commercial rape 
oil giving figures from 17*0 to 20*3, the highest being obtained with 
Black Sea oils. 

With the elaidin test rape oil behaves in a peculiar and somewhat 
characteristic manner. Solidification occurs very slowly, but after 
50 to 60 hours the oil is frequently converted into a pasty mass, 
which is sometimes yellow, and in other cases orange-red or mottled. 
A separation into a solid and liquid portion frequently occurs. The 
results are much influenced by the temperature. At 10^ C. many 
samples become apparently solid, but on being touched with a glass 
rod are seen to be a peculiar mixture of solid and liquid. On im* 
mersing the bottle containing the product formed at 10^ for a short 
time in water at 15^ C, the elaidin forms a thick liquid. 

The color tests with sulphuric and nitric acids (pages 86 and 86), 
and certain other reagents are of value for the detection of cer- 
tain admixtures, such as linseed and fish oils. Richter states that on 
shaking 6 c.c. of the sample with 1 c.c. of a solution of soda of 1*34 
specific gravity, pure rape oil forms a dirty white milky fluid ; hemp 
oil a brownish-yellow thick soap ; and train oil a dark-red solution. 

The solidifying and melting points of the &tty acids afibrd valuable 
indications in some cases. An admixture of linseed oil renders them 
more fusible, while the acids from cottonseed oil have a much higher 
melting point 

Fish oils are recognisable by their taste and odor on warming, and 
by the colorations developed with sodium hydroxid and sulphuric 
acid. Train oU is said to be best detected by agitating 100 drops of 
the oil with 1 of sulphuric acid, when the depth of the red colora- 
tion will follow the proportion of the adulterant present 

CotUmseed oil is one of the commonest adulterants of rape oil. It 
lowers the saponification-equivalent, raises the melting point of the 
oil and the derived acids, reduces the viscosity, and increases the 
specific gravity and the rise of temperature on treatment with 
sulphuric add. If refined cottonseed oil, previously deprived of its 
stearin, has been used as the adulterant, the influence will be less 
marked. 

Linseed oil is a common and objectionable adulterant of rape oil, 
from 10 to 50 per cent being oiten added before refining. It is 
recognisable by the increase in the specific gravity, solubility in acetic 
acid, drying charactersi temperature with sulphuric acid and bromine. 
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and iodine absorption , and decreased yisoosity and saponification- 
equivalent The fatty acids are more readily Aisible, and the color- 
reaction with sulphuric acid is modified. 

HedgC'Tnusiard oil may be used for adulterating rape oil, which it 
closely resembles. The most characteristic reaction is said to be the 
production of a green color when the oil is treated with a quantity of 
alcoholic potash insufficient for complete saponification, and the 
filtered liquor strongly acidulated with hydrochloric acid. 

Oleic add is the only adulterant (except mineral oil and hedge- 
mustard oil) which could be added to rape oil without tending to in- 
crease the specific gravity. The proportion of free (oleic) add nat- 
urally present in rape oil ranges from 0*5 to 5 per cent Above 5 per 
cent may be regarded as due to adulteration. The presence of even 
a small proportion of free acid has an injurious influence on the 
burning qualities of rape oil, especially in certain kinds of lamps. 

Free mineral acid is not unfrequently present in rape oil, owing to 
its imperfect removal during purification. Its presence is highly ob- 
jectionable in oil intended for lubrication or for greasing steel goods. 

Cottonseed Oil. 

French — Huile de coton. 6ermari— BaumwollensamenoL 

(See page 93..) Cottonseed oil is now expressed in enormous 
quantities m the United States, on the Continent of Europe, and in 
Great Britain. 

Cbude Cottonseed Oil has a density ranging from *916 to *930. 
It contains in solution, often to the extent of 1 per cent, a character- 
istic coloring matter, which gives it a ruby-red color, sometimes so 
intense as to appear nearly black. The crude oil gives a bright-red 
coloration with strong sulphuric acid (page 85). The soap from crude 
cottonseed oil rapidly oxidises on exposure to air with production of a 
fine purple or violet-blue coloration.^ This reaction is characteristic 
The coloring matter causes the oil to produce stains, and it is 
removed by agitating the crude oil at the ordinary temperature with 

1 " Cottonseed blae ** is stated by Euhlmann to have the oomposition of drHMOi. It ii 
amorphous; readily destroyed by oxidising agents; insoluble in water, dilated aoids, and 
alkalies ; sparingly soluble in carbon disalphide and chloroform, bnt more readily in 
alcohol and ether ; and dissolyes with purple color in strong sulphuric acid. The nn- 
oxidised coloring matter of cottonseed oil has been examined by J. Longmore, who, in » 
communication to the author, states that it is a pungent golden-yellow product, insoluble 
in water, but soluble in alcohol and alkaline solutions, and precipitated from the latter oa 
addition of acids. It dyee weU and perfectly fast on both wool and silk. 
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10 to 15 per cent, of solution of caustic soda of 1*06 specific 
gravity, when the alkali, combines with the coloring matter and 
saponifies a portion of the oil. The mixture becomes filled with black 
flocks which deposit on standing/ and leave the oil but slightly 
colored. The loss from refining is usually from 4 to 7i per cent., but 
occasionally amounts to 12 or 15. Hence it is desirable, before pur- 
chasing crude cottonseed oil for refining, to ascertain by a laboratory 
experiment what the percentage of loss is likely to be. Frequently 
the treatment with alkali is only carried far enough to remove the 
greater part of the coloring .matter, the oil being then boiled with a 
solution of bleaching powder and subsequently treated with dilute 
sulphuric acid. This method of treatment is economical, but the oil 
acquires an unpleasant taste and smell which cannot be removed. 

Refined Cottonseed Oil is of a straw- or golden-yellow color, or 
occasionally nearly colorless. The specific gravity usually ranges from 
-922 to -926, and the solidifying point from I'' to lO'^ G. By subjection 
to cold and pressure a certain proportion of stearin is separated, the 
melting point of the residual oil being correspondingly lowered. This 
refined oil is usually free from acid, and, when properly prepared, of 
pleasant taste and adapted for edible and culinary purposes, for which 
it is now extensively employed, both with and without its nature being 
acknowledged. It is now substituted for olive oil in some of the lini- 
ments of the United States Pharmacopeia^ but its principal applications 
are in soapmaking and the manufacture of factitious butter. 

It gives but an imperfectly fluid elaidin with mercuric nitrate. The 
fatty acids obtained from it have a high meliing point (38^ C). The. 
color^reactions with sulphuric acid and alkali so characteristic of 
crude cottonseed oil are produced imperfectly or not at all by the 
refined oil, according to the treatment to which it has been subjected. 

Cottonseed oil is not itself very liable to sophistication, but is fre- 
quently employed to adulterate other oils. It may be detected by the 
specific gravity, aided by the color-tests given below and on pages 85 
and 86. The results of the elaidin test, with determinations of the 
iodine-absorption, rise of temperature with sulphuric acid and bromine, 

1 Th« deposit tbos formed, eonsisting of coloring and albuminous matters, alkali, and 
partifklly saponified oil, is teohnioally called ** mucilage." It is decomposed with a slight 
excess of acid, and the resulting dark-colored grease is heated to a temperature of 120® C. 
(250® F.) with concentrated sulphuric acid, which renders insoluble the coloring matters, 
Ac, while the impure fatty acids rise to the surface. On distilling these with superheated 
steam, a mixture of fatty acids is obtained, which is separated into stearic and oleic acids 
by pressure. The " oottonkeed stearin " thus obtained is employed for making soap and 
eomposite eandles, and for Tarious adulterations. 
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and melting point of the fatty acids, enable the proportion of cotton- 
seed oil in a mixture to be approximately determined. 

The following are some observed analytic data from mixed fiitty 
acids of cottonseed oil : — 

Specific gxavity at dQ^* C. (water at 15'&' = 1), -8467. (Allen.) 

lOO^* C. (water at IW = 1 ), '8816. (Archbutt.) 
SoUdifyiDg point (titer test), 22'2^-32'T. (Lewkowitscb.) 

34-4o«35.2o ^^ 

36-6*-37-6® „ 

Melting point, 35''-40^ ,, 

Saponification yalae (mgrm. EHO), 201*6-208. 

Iodine number, 111-116*7. 

Refractiye index, 1*446. (Tboerner.) 

The following are special tests, adapted to the detection of eren 
email quantities of the oil : — 

Silver Nitrate TesL — Becchi has proposed the use of silver nitrate 
for the detection of cottonseed oil. The method has been found very 
useful, and several modifications of the test are in use. It may be 
applied to the oil or the mixed fatty acids therefrom, but is not 
applicable to oil that has been heated to 246^ C. According to 
Del Torre the following reagents are required : — 

I. 

Silver nitrate, « » • • I'Ogrm. 

Alcobol, 98 per cent (by vol.), 200*0 cc. 

Ether, 40*0 cc 

Nitric acid, 0*1 grm. 

II. 

Pentyl alcohol, 100*0 cc 

Rapcaeedoil, 15*0 cc 

Ten cc. of the oil to be examined are mixed in a test-tube with 1 ca 
of reagent I, and then shaken with 10 cc. of reagent II. The mix- 
ture is next divided into two equal portions, one of which is immersed 
in boiling water for fifteen minutes. The heated sample is then re- 
moved from the water-bath, and its color compared with the unheated 
half. Presence of cottonseed oil is indicated by the reddish- brown 
coloration of the heated portion. Only the purest alcohol should be 
used, and the rape oil used should be '* cold drawn," and only slightly 
colored ; it should be filtered in a hot-water oven before preparing the 
reagent. To guard against error? from impurity of the reagents, a 
blank test should be instituted side by side with the actual test. 
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The part played bj the rape oil in this test is explained, according 
to Beochiy by the &ct that whereas fresh cottonseed oils give the silver 
nitrate reaction without rape oil, old and rancid samples or their mixed 
fiitty acids do not react unless this oil be added. Many chemists con- 
sider the addition of rape oil unnecessary. Pearmain and Moor state 
that by the following procedure as little as one per cent, of cotton- 
seed oil may be detected. The reagent is prepared as follows : 1 grm- 
of finely powdered nitrate of silver is dissolved in 100 c.a of 95 per 
cent, alcohol ; when dissolved, 20 c.c. of ether and one drop of nitric 
acid are added ; 2 c.c. of this reagent is well shaken with 10 c.c. of the 
oil to be examined, and placed in boiling water for ten minutes. Any 
blackening due to reduced silver proves the presence of cottonseed oil. 

NUricAoid Ted. — On shaking cottonseed oil with nitric acid of 
1'37 or 1*38 specific gravity, a rich brown coloration is produced. 
Some writers have advocated the use of a stronger acid, but Lewko- 
witBch states that acid of 1*375 specific gravity gives the most definite 
results. The coloration is equally distinct in the case of oils which 
have been heated to 240^ C, and in this respect the test is superior to 
Becchi's test Occasionally samples of American cottonseed oil are 
encountered which react so £iiintly with nitric acid as to make it impos- 
sible to detect adulteration by them to the extent of 10 per cent. 

Halphen'i Ted (Analyst, 1897, 326).— Carbon disulphide, con- 
taining about one per cent, of sulphur in solution, is mixed with an 
equal volume of pentyl alcohol. Equal volumes of this reagent and 
the sample — about 3 c.c. of each — ^are mixed and heated in a bath 
of boiling brine for fifteen minutes. If no red or orange tint is 
produced, 1 cc. of the reagent is added, and if after five or ten min- 
utes' more heating no color is shown, a third addition of 1 c.c. may be 
m'ade. It is stated that the depth of color is not the same with all 
samples. It is possible to detect very small quantities of cottonseed oil 
by this test. Lard and lard oil derived from animals fed on cottonseed 
meal will often give a faint reaction. The acids derived from cotton- 
seed oil also give the reaction distinctly. Oil heated briefly to 245^ C. 
still gives the reaction, but with diminished intensity. 

Cottonseed Stearin is, properly speaking, the solid fat separated 
from cottonseed oil by cooling and pressing. A product so obtained 
is stated to be employed for the manufacture of butter substitutes, and to 
have nearly the same specific gravity as butter- fat. The article known 
in commerce as " cottonseed stearin " is usually impure stearic acid 
from cottonseed oil, obtained by the method given in the footnote 
on page 141. The crude oil expressed from decorticated cottonseed 
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is sometimes verj rancid and semi-solid at the ordinary temperature 
from the separation pf solid fatty acids in the free state. By pressure 
it would yield a product similar to that obtained by distillation. 

Maize Oil (Com Oil, U. 8. A.). 
JFVenc&— Huile de mais. Oerman — ^MaisoL 

(See also p. 93.) Maize oil is obtained from the seeds of the Zea 
MaySf either by expression or from the residue of the fermentation 
vats after they have been used for the preparation of alcohol. The 
latter product is much darker in color and apt to contain more free 
add. 

According to J. C. Smith (Jl S. C. L, 1892, 504), maize oil is prac- 
tically without drying power, even when boiled or after the addition of 
litharge. On passing a current of air through it for an hour at a tem- 
perature jof about 150^ C, the oil becomes slightly darker in color and 
rather more viscous, but not to the same extent as cottonseed oil. If to 
the oil so treated a small quantity of manganese borate be added, the 
mass acquires siccative properties to a slight extent, and a thin film on 
lead dries in from ten to twenty hours, but not completely. Like cotton* 
seed oil, the elaidin reaction gives rise to a mass having a buttery con- 
sistency. The oil dissolves readily in acetone, and more sparingly in 
alcohol or glacial acetic acid. 

Maize oil is used for lubricating, burning, and soap-making. It has 
also been proposed as a substitute for. olive oil, and has been employed 
to adulterate lard. 

The following figures are compiled from various source : — 

Specific gravity at 15*50, *916-'924. 

Solidifying point, —10 to —20. 

Saponification-eqoiTalenti 290-298. 

lodine-absorptioD, 111-122. 

Acetyl yalue, 7*8-8*75. (Lewkowitscb.) 

Heat of bromination, 21*5. (Hebner aod MitcbeU.) 

SoHdifyiog point of mixed &,tty adds, 14<'-16^. (DeNegri and Fabris.) 

MeltiDg „ „ „ 18O-20^ 

Iodine number, 113-115. „ „ 

J. C. Smith obtained from 100 grm. of oil volatile acids suBScicfnt 
to neutralise 0*56 grm. KOH. This would probably correspond to a. 
Reichert number between 2 and 3. 
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Sesame Oil. Teel Oil. Gingili Oil. 

FreruA — Huile de sesame. Qerman — Sesamol. 

(See also p. 93.) Sesame oil, sometimes called benne oil, though 
distinct from the oil of ben or behen, has a yellow color, usually of a 
deeper hue than almond oil/ is thinner than most oils, nearly odorless, 
and has a bland and agreeable taste. That ei;pres6ed from the seeds 
congeals at about — 5^, but that extracted by solvents at about -f 5^ C. 

Sesame oil consists of olein, with palraitin, stearin, and linolin. A 
small quantity of a peculiar, probably resinous, substance may be 
extracted from the oil by agitation with alcohol or glacial acetic acid. 
The acetic solution has a blue color, changing to greenish-yellow, on 
addition of a cold mixture of equal weights of sulphuric and nitric 
acids. It is dextro-rotatory, and in the absence of castor, croton, and 
resin oils this property may serve for its detection. It is an imper- 
fectly drying oil, and does not readily turn rancid. Concentrated 
sulphuric acid converts it into a browiiish-red, gelatinous mass. " Ger- 
man sesame oil " is a name sometimes given to camelina oil. The 
compulsory addition of 10 per cent, of sesame oil to butter substitutes 
has been adopted in Germany to facilitate detection of butter adultera- 
tion. 

Th^ mixed fatty acids from sesame oiThave given the following 
figures : — 

Solidifying point (titer test), 21 •2°-22-9*». (Lewkowitach.) 

22-9°-23-5*». „ 

23-7«-23'8*». „ 

Melting point, 21^-31 b"*. 

Saponification Talne(mgrm. KHO), 199-3-201*6. 

Iodine absorption, 109-112. 

Refractive index, 1 '4461 (Thoerner. ) 

Sesame oil may be detected by a reaction with furfural, as proposed 
by Villavecchia and Fabris, being a modification of a test originally 
proposed by Baudouin. The reagent is O'l c.c. of a 2 per cent alcoholic 
solution of furfural mixed with 10 c.c. of hydrochloric acid. lustead 
of mixing this directly with the oil, Wauters suggests that the sample 
to be tested should be poured upon the reagent. Less than 1 per 
cent, of sesame oil will produce a crimson color at the point of con- 
tact If the sample used be rancid, a brownish tint may be produced, 
which will mask the reaction when only small amouots of sesame oil 
are present 

VOL. II.— 10 
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Tocher detects the presence of sesame oil as follows: 15 c.c. of th 
oil are shaken in a separating bulb with a solution of 1 grm. of pyro- 
gallol in 15 c.c. of concentrated hydrochloric acid. The aqueous 
liquid is drawn off and boiled for about five minutes ; in the presence 
of sesame oil it becomes colored, appearing red by transmitted and 
blue by reflected light. 

Rape oil may be detected by saponification value, specific gravity, 
and solidifying and melting points of the fatty acids. 

Poppyseed oil may be detected by the iodine number and thermal 
tests. 

Cottonseed oil may be detected by Halphen's and Livache's tests 
and the melting point of the mixed fatty acids. 

Arachis oil will be indicated by lower specific gravity and presence 
of arachidic acid. 

Linseed Oil. 

French — Huile de lin. German — Leinol ; Leinsamenol. 

(See also p. 93.) Linseed oil is the oil expressed from the seeds of 
Linum usitatissimum, or flax-plant. 

Flax is commonly grown in India as a mixed crop with mustard 
and rape, and hence the oil from Indian linseed is never perfectly 
pure. In Black Sea ports it is the practice to add 1 measure of hemp 
to every 19 of linseed, and adulteration is also conducted in much 
more considerable proportions. The varieties of linseed oil recognised 
in commerce are raw, refined, artist's, and boiled oil. It is usually 
refined by agitating the raw oil in lead-lined tanks with about 1 per 
cent, of concentrated sulphuric acid (specific gravity 1'845), and 
washing the product by boiling it with water, with or without open 
steam. After settling, the water and foots are run off from the refined 
oil.^ Boiled oil is described on page 149. 

Freshly expressed linseed oil is a brownish or yellow liquid. The 
oil obtained from the seeds by cold pressure has a golden-yellow color 
and a peculiar bland taste; that obtained by hot j)ressure varies in 

* To prepare artist's oil, raw oil is allowed to stand for weeks or even months to cause 
impurities to settle, and then treated with litharge or lead acetate. It is then bleached 
t>y exposure to sunlii^ht. Various secret methods of treatment are employed. Iron or 
lino sulphate is sometimes used, and is said to hasten the deposition of impurities. The 
lead is often separated by sulphuric acid, which forms lead sulphate, which carries down 
impurities. Livache treats the oil with metallic lead and removes the lead which passes 
into solution by means of a solution of zinc sulphate, whereby lead sulphate is precipitated 
and an oxide of the other metal remains in solution. 
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color from amber-yellow to yellowish -brown, has a more or less acrid 
taste, and possesses a stronger odor than the cold-pressed oil. The 
specific gravity of the pure oil is generally about '935, but may vary 
from *931 to '937. It becomes thicker when cooled, and solidifies at 
about — 27^ C. to a yellowish mass. It imparts a yellow color to 
alcohol when agitated with it, and dissolves in about 40 measures 
at the ordinary temperature or in 4 or 6 at the boiling point of the 
spirit. It produces great heat when treated with concentrated sul- 
phuric acid or bromine, and is inflamed by fuming nitric acid. It 
does not yield a solid product under the influence of nitrous acid. 

Linseed oil is the most important of the class of drying oils. Its 
applications in the arts, as in the manufacture of paint, varnish, oil- 
cloth, and printing ink, are all based on its property of drying on 
exposure, a character which is more fully considered later. In conse- 
quence of this tendency to combine with oxygen, it evolves much heat 
when exposed to the air in a finely divided condition, sometimes sufii- 
cient to cause the inflammation of cotton-waste or similar material 
saturated with the oil. 

Linseed oil contains stearin, palmitin, and myristin, which together 
form about 10 to 15 per cent. The remaining portion consists of 
isolinolenin with smaller proportions of linolin,linolenin, andolein. The 
proportion of unsaponifiable matter is a little over 1 per cent. 

LiNOLic Acid was isolated by Schuler in the following manner : — 
Linseed oil was saponified with solution of caustic soda, and the soap 
purified by repeatedly salting out. The aqueous solution of the soap 
was then precipitated by calcium chloride. From the well-washed 
precipiute the calcium linolate was dissolved out by ether. The 
ethereal solution was decomposed by agitation with cold hydrochloric 
acid, the ethereal layer separated and dSstilled at as low a temperature 
as possible in a current of hydrogen. The residual acid had a dark- 
yellow color, and was further purified by dissolving it in alcohol, 
saturating the solution with ammonia, and then precipitating with 
barium chloride. The barium linolate thus obtained was washed, 
pressed, and repeatedly recrystallised from ether, and then converted 
into the acid by a treatment corresponding to that described for the 
calcium salt. The acid was dried in a vacuum over sulphuric acid 
and a mixture of ferrous sulphate and lime. 

Linolic acid is a thia oily liquid, of faint yellow color. It remains 
liquid at — 18° C, and at 14° C. has a density of '9206. It is said 
to possess a faintly acid reaction, and to have a taste which is at first 
pleasant and afterwards harsh. Linolic acid does not form a solid 



148 FIXED OILS AND FATS. 

product on treatment with nitrous acid. With nitric acid it swells up 
considerably and yields suberic acid, CtHuO^ a little oxalic acid^ and 
a greasy resin. 

On exposure to air linolic acid absorbs oxygen, becoming thick and 
ultimately so viscid as scarcely to flow, but remains unchanged in 
color. When spread in a th() layer on wood and exposed to the air, 
linolic acid forms a varnish, but on glass only becomes tough. The 
product is said to have the composition of a hydrate of oxy linolic 
acid, CieHMO„H,0. When heated to 100** this gives off 67 per cenL 
of water and becomes blood-red. By prolonged contact with air, and 
more quickly if frequently moistened with ether, colorless oxylinolic 
acid loses its viscid consistence, and is converted into a body called 
linoxyn. It is a neutral, amorphous, highly elastic mass, resembling 
caoutchouc, heavier than water, and insoluble in it and in dilute 
acids, alcohol, or ether; but swells up and dissolves in a mixture of 
alcohol and chloroform. In warm solution of caustic potash, and 
moce slowly in ammonia, it dissolves to a red liquid, which, when 
supersaturated with an acid, yields a yellowish-red, flocculent precipi- 
tate, soluble in alcohol, and still more in ether, exhibiting the com- 
position and properties of oxylinolic acid. 

LiNOLATES. — The salts of linolic acid are difficult to obtain pure. 
They are white, mostly uncrystallisable, become colored on exposure 
to air, and are soluble in alcohol and ether. Potassium and sodium 
linolates containing an excess of alkali absorb oxygen greedily and 
become yellow and dry when exposed in a finely divided state to the 
air, dissolve in water with dark brownish-red color, and give, on 
addition of hydrochloric acid, a brown greasy resin. The ethereal 
solution of lead linolate, when evaporated on a glass plate, leaves a 
white amorphous residue of lead oxylinolate. The acid separated 
from this salt by hydrogen sulphide and dissolved in alcohol 
remains on evaporation as a nearly colorless viscid mass, which 
becomes blood-red without change of composition when heated to 
100^ or treated with acids or alkalies. The colorless alcoholic solu- 
tion of oxylinolic acid is not altered by alkali carbonates at the 
boiling heat, but cau^itic alkalies turn it red even at ordinary temper- 
atures. 
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The mixed fatty acids from linseed oil have furnished the following 
figures : — 



Specific gravity at 15-5*> C, 


•9233. 


(Allen.) 


Specific gravity at 99^ 






(water at 15-5« = 1), 


•8612. 


(Allen.) 


Specific gravity at 100** 






(water at 100*» = 1), 


•8925. 


(Archbutt.) 




rl90*»-19-4^ 


(Lewkowitach. ) 


Solidifying point (titer test), 


20-2«-20*6^. 


fi 




ll7•5^ 


(Allen.) 


Saponification valae 






(mgrm. KOH), 


196-199. 




Iodine absorption, 


160-182. 




Refractive index, 


1-4546. 


(Thocrner.) 



Oxidation of Linseed Oil. — The most valuable property of lin- 
seed oil is that of taking up oxygen and becoming converted into a 
tough or hard varnish. This tendency is much enhanced by heating 
the oil above 130^ C. while passing a current of air through or over 
it, and subsequently increasing the temperature until the oil begins to 
effervesce from evolution of products of decomposition. The product 
IS called '* boiled oil." By continued boiling the oil becomes very 
thick and may be drawn out into elastic threads, which are very sticky 
but do not produce a greasy stain on paper. This product is used in 
the manufacture of printing ink. 

The chemical changes which occur in the boiling and drying of 
linseed oil are very imperfectly understood. According to Mulder, 
part of the Hnolin is decomposed during the boiling, with formation 
of linolic anhydride, or a more highly oxidised body such as hy- 
droxylinolic acid. According to W. Fox, the oxidation products are 
formed from the acids, and the glycerol breaks up into acids of the 
acrylic series, forming the irritating vapors which always accompany 
oil-boiling. Acetic and formic acids are prominent constituents of 
these vapors, and carbon dioxide and water are also present. The 
statements of Mulder and Fox are probably too sweeping. The author 
isolated 8*8 per cent, of nearly pure glycerol from the products of the 
saponification of linseed oil which had been boiled by the steam 
process. Bauer and Hazura (^Monaisch. Chem,, ix. 459) also consider 
Mulder's explanation of the drying of linseed oil to be only partially 
correct. The subject has been reinvestigated by these chemists, who 
arrived at the following conclusions : — 

1. The more linolenic acid an oil contains the more rapidly it dries. 
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2. The products of oxidation are not merely additive compounds, 
but contain part of their oxygen as OH groups. The oxidation of 
the salts is similar to that of the acids themselves. 

3. By very prolonged exposure to air at ordinary temperatures, 
or by shorter exposure at about 80® C, the fatty acids are fully oxidised 
with formation of a resinous sticky solid, insoluble in ether, but 
reconverted into acids soluble in ether or heating with alkali. 

4. The drying properties of oils depend upon the presence of 
linolic, linolenic, and isolinolenic acids, as oleic acid forms no solid 
oxidation products. During the drying of linseed oil only the tritenyl 
of the non-drying esters b oxidised, as is shown by the very small 
quantities of carbonic, formic, and acetic acids formed by passing pure 
air through pumice soaked in linseed oil. The samples of linseed oil 
which were still in the first stage of oxidation, as shown by their being 
still soluble in ether, contained 8*9 and 12*1 per cent, of free acid. 
The body insoluble in ether, called by Mulder Unoxyn, produced by 
the oxidation of linseed oil, is an ester termed hydroxylinoKn: 

By adding litharge, red-lead, ferric oxide, or manganese dioxide or 
hydride during the process of boiling, the oxidation and consequent 
drying of the product are still further facilitated* The nature, pro- 
portion, and mode of adding these substances are usually kept secret. 
Lead acetate and manganous borate are among the most approved. 
The action of some at least of these ''driers*' Ce.g., compounds of 
manganese) seems to be that of carriers of oxygen, while litharge 
dissolves in the oil and acts partly as a carrier of oxygen and partly 
as the base of certain salts which oxidise very rapidly. 

The solid siccatives formerly id use have been lately replaced by solnble com- 
pounds. These possess the advantage that they may be incorporated with the 
oil at a lower teraperatnre or even in the cold if the siccative has been previously 
dissolved in turpentine. Ck>mpoand8 containing lead alone are but little used, 
the ordinary preparatious being manganese resinate, lead and manganese resinate, 
manganese linolate and lead and manganese linolnte (i.e., preparations obtained 
from the mixed linseed oil acids). Products obtained with other metalSi such 
as copper and zinc, have been found to be useless. The resinates are made 
either by melting together the resin, usually colophony, with the metallic oxide, 
or by saponificiition of the resin and precipitation from the aqueous solution of 
the soap by means of a salt of manganese or lead. 

To be effective the siccative should be completely soluble, any suspended 
oxiile being nat only valueless but harmful. The solvents employed in testing 
the preparation are ether and (in the case of lead resinate) chloroform. "When 
insoluble in these the sample will be insolnble also in moderately hot linseed 
oil, and therefore wortliless. From the examination of a large number of 
samples, Weger {AnahjsU 1S9.6, 300) finds that the soluble manganese in fused 
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resinates seldom exceeds 2*3 per cent., but in precipitated resinates it may 
reach 6 or even 7 per cent. Good preparations of fused manganese linolate have* 
9 and in some cases even 11 per cent. The preparation most used is fused lead 
and manganese resinate ; the most suitable proportion of lead to manganese 
appears to be 6 : 1. 

The quantities required for the preparation of a good varnish are : Melted 
manganese or lead manganese resinate, 2 to 3 per cent. ; melted manganese 
linolate, 1 per cent., and precipitated manganese resinate, 1 to 1-5 per cent. 

For the analytical examination, Weger bums off the organic matter and deter- 
mines the manganese and lead in the ash. It is useless to weigh the total ash, 
since resinates often contain sand. If, after the removal of the lead, calcium be 
present to any extent, the manganese and calcium are determined together in 
neutral solution as carbonates, the manganese titrated and the calcium deter- 
mined by difference. The insoluble lead and manganese are determined by 
dissolving a fresh portion of the siccative in ether or chloroform, filtering, wash- 
ing, igniting, etc. The soluble manganese is determined by the difference 
between this result and that of the total manganese, and the result maybe con- 
trolled by determining the soluble manganese in an aliquot portion of the filtrate. 
The soluble lead must be determined by difference, since the chloroform cannot 
be completely evaporated from the resinate solution, traces remaining except at 
a red heat when most of the lead volatilizes with it as lead chloride. 

The change of oomposition undergODe by 100 grm. of linseed and 
poppy oils by exposure to air during 18 months was found by Cloez to 
be as follows : — 





LiMSBED Oil. 


Poppy Oil. 


C. 


H. 


0. 


C. 


H. 


0. 


Oomposition of origi- 
nal oil, 

Composition afler 18 
months, .... 

Difference, . . . 


77-57 
72-27 


11-33 
10-57 


11-10 
24-16 


77-60 
71-38 


11-40 
10-64 


11-10 
2508 


-5-30 


-0-76 


+1306 


-6-12 


-0-76 


+13-98 



The quantity of oxygen absorbed was greater than that given off 
in the form of carbon dioxide and water, and the oil finally showed 
a considerable increase in weight. The action of light is not essen- 
tial, but was found to facilitate the change, the more refrangible 
rays having the greatest influence. In the dark the chemical change 
is induced very slowly, but when once begun it proceeds rapidly.* 

^ According to Mr. T. Dugg&n, to whom the writer is indebted for nnmerous 9pecinieDS 
and much valuable information on linseed oil and allied subjects, tbe oil tbickens in the 
dark, but loses its drying power in some measure, regaining it on subsequent exposuni lo 
ligbt and air. 
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When a drying oil containing manganese oxide in solution is dis* 
solved in an equal measure of benzene and agitated with air in a 
closed, vessel, rapid absorption of oxygen takes place, especially at a 
temperature of 40^ to 50° C. If the supply of air be repeatedly 
renewed the liquid becomes thick, and on distilling off the solvent a 
residue is obtained which solidifies on cooling to a dry and perfectly 
elasti<; solid. By limiting the oxidation various iptermediate products 
are obtainable. The last product is characterised by its elasticity and 
its insolubility in water, .alcohol, and ether. It is almost instantly 
saponified by caustic potash in the cold ; and on subsequent separation 
of the fatty acids it is found that the solid acids have undergone no 
alteration, whilst the liquid fatty acid has been converted into viscous 
products, characterised by their solubility in water and by the salts 
which they form. 

Assay of Genuine Linseed Oil. 

Linseed oil is often sophisticated, but even lyhen perfectly genuine 
its quality varies within wide limits. In practice, the* best oil is that 
which dries most perfectly, but the rapidity of drying and th^ con- 
sistency of the ultimate product are most important factors in judging 
of the quality of linseed oil. Thus the dried oil may be tough, very 
elastic, hard and brittle, or rotten. An oil giving a hard product is to 
be preferred, as elasticity can be readily imparted in the after-treat- 
ment if required. 

Raw oil, intended for making pale boiled oil or varnish, should not 
have a specific gravity much below *935, or it will be apt to contain a 
notable proportion of other seed oils ; 3 per cent, of such admixtures 
is the maximum allowable in linseed to be used for producing this 
class of oil. 

Among the various methods of judging of the quality of linseed oil, 
those proposed by Livache and Bishop (see page 69) are the most 
satisfactory. 

The iodine-absorption of an oil appears to increase with its drying 
powers, and the determination could probably be employed with 
advantage for ascertaining the quality of linseed oil. 

The temperature-reaction with sulphuric acid appears to vary some- 
what with the character of a linseed oiL Thus J. Baynes (see foot- 
note on page 77) has communicated the following figures to the 
author: — 
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Rise op Tbmperatore ** C. 

Baltic linseed oil, two years old, extra good for varnish, 124 

Another similar sample, 123 

Old sample, from English seed, 115 

Russian oil, 113 

Lsi Plata oil, 112 

Fresh oil, from East Indian seed, 104 

The nature of the driers added to linseed oil can be generally in- 
ferred from an examination of the ash left on burning 100 grm. of 
tl>c sample, a little at a time, in a porcelain dish. The residue should 
be specially tested for lead, copper, zinc, iron, manganese, and borates, 
Sulphates, acetates, borates, and most other salts may be detected 
by agitating the original oil with a solution of sodium carbonate, 
separating the aqueous portion, and examining it for salt-radicals in 
the usual way. 

Detection op Adulterations of Linseed Oil. 

Linseed oil is liable to be adulterated in a variety of ways. Cotton- 
seed, nigerseed, and fish oils are added ; mineral and rosin oils, often 
both together, are largely used ; and rosin itself is also added. 

The drying and oxygen-absorption tests described above are valuable 
as indications of quality, and hence probable adulteration, but it 
must be borne in mind that samples of genuine linseed oil differ much 
in their behavior under these tests. 

The specific gravity of genuine raw liiiseed oil lies between '931 and 
'937; that of the boiled oil between 939 and '950. Mineral and all 
foreign seed oils are lighter than linseed oil, while rosin and rosin oil 
are much heavier. By the judicious use of a suitable mixture of 
mineral and rosin oils, extensive adulteration can be efifected without 
alteration of the specific gravity. 

The solidifying point of pure raw linseed oil is about — 27** C.,but 
samples containing other seed oils solidify at a higher temperature. 
The same remark applies to the relative fusibility of the fatty acids, 
those prepared from cottonseed oil having an exceptionally high melt- 
ing point. 

The iodine-absorption is a valuable method of determining the pro- 
portion of a seed oil in linseed oil, provided other adulterants are 
absent. Fresh raw linseed oil assimilates over 170 per cent, of iodine, 
while cottonseed oil takes up only 102 to HI per cent. Some fish oils 
absorb as much iodine as does linseed oil. 

The rise of temperature on treating the oil with strong sulphuric 
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acid (pages 76 and 163) U also a useful test for linseed oil,, which 
gives more heat than any other seed oil; though it is equalled and 
even exceeded in this respect by some of Xhefiah Mb, 

Hehner's heat of bromination test (page 80) is «lso of value. 
Archbutt (J. 8, C. /., 1897, 309), as the result of the examination of 
ten samples of raw linseed oil, gives bromine thermal values ranging 
from 28*5 to 32'5. 

The sulphuric acid color-test described on page 86 is a useful indi- 
cation of the purity of linseed oil. With a genuine sample a dark- 
brown clot is formed ; it rosin oil or fish oil be present a reddish-brown 
spot quickly forms, which in the former case retains its red. tint for a 
long time, whilst a peculiar scum forms over it This test is also appli- 
cable to the detection of rosin oil in boiled linseed oil. 

Fish oils may also be detected by the darkening produced by passing 
a rapid stream of chlorine through the oil, and by the reddish color 
produced by boiling the oil with alcoholic soda. They are further 
recognisable by the taste and the smell of the sample on warming, 
and by the peculiar scum which rises when such oil is heated to boil- 
ing. As a test for cod oi7,*which is not unfrequently used in the case 
of linseed oil intended for the preparation of printing ink, A. Morell 
recommends the following test: — 10 grm. of the oil are well agitated 
with 3 grm. of common nitric acid, and the whole left to stand. With 
pure linseed oil the color will change during the stirring to sea- 
green, afterwards becoming dirty greenish-yellow, whilst the acid 
assumes a light yellow color. In presence of even 6 per cent of 
cod oil, after standing some time the oil is said to acquire a dark 
brown color, while the acid is tinged orange or dark yellow, according 
to the proportion of the adulterant present. .A similar test has been 
described by A. Conrath for the detection of rodn oil. 

Japanwood oil (page 95) is distinguished by the very hard black 
clot it gives with sulphuric acid, and by yielding a highly colored 
semi-solid product with the elaidin test. If heated for a short time 
to about 300^ C, the oil becomes a transparent jelly, the change 
occurring either at once or on cooling. 

Hydrocarbons are largely employed for adulterating linseed oil* 
They may be determined with accuracy as described on page 112. A 
mixture of mineral and rosin oil is frequently used, rosin itself being 
sometimes also added. The mineral oil is usually of low density ('865 
to '880), as the heavier oils are of too greasy a nature. The rosin oil 
employed for adulterating linseed oil is free from smell even when 
heated, but has a peculiar taste which is not masked by the linseed 
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oil. The presence of rosin oil causes linseed oil to remain "tacky" 
for a long time, and prevents it ever becoming hard. 

The analysis of a sample of boiled linseed oil which, in addition to 
containing various mineral additions and free fatty acids, is also adul- 
terated with rosin, rosin oil, and mineral oil, is a complex problem. 
The following plan is recommended; the substantial accuracy of the 
results yielded has been established in the author's laboratory : 25 grm. 
of the sample should be shaken in a separator several times with dilute 
hydrochloric acid. The aqueous liquid, which may contain lead, zinc, 
manganese, borates, and other mineral additions, is separated from the 
oily layer, and the latter is washed by agitation with water till the 
washings no longer redden litmus. The oil is then treated with recti- 
fied spirit, and the free fatty and resin acids titrated with standard 
alkali and phenolphthalein as described on page 105. The neutral 
point having been reached, the alcoholic layer is separated from the 
residual oil, which consists of neutral fatly oi/and hydrocarbon oih of 
the original sample. These may be separated as described on page 112. 
The alcoholic solution is then concentrated, water added, and any 
globules of oil dissolved by agitating with petroleum, spirit. After 
separation from the aq^ueous liquid and evaporation of the solvent, the 
small residue of neutral oils may be weighed, and the amount found 
added to the main portion. The aqueous solution is then acidulated 
with dilute hydrochloric or sulphuric acid, when an oily layer is 
obtained, consisting of the free fatty and resin acids of the original 
sample, together with such additional amount as may have been formed 
by the decomposition of metallic soaps in the first stage of the process. 
This is separated from the aqueous liquid, washed with a little water, 
and filtered through wet paper. On subsequently drying the filter in 
the water-oven, the fatty acids pass through, and can be collected in a 
small tared beaker, the portion remaining on the filter being dissolved 
in ether, and treated as described on page 51. After weighing the fatty 
acids in the beaker, 1 grm. is treated by TwitchelTs process for the 
separation of fatty and resin acids. The amount of resin thus found, 
subtracted from the mixed fatty and resin acids, gives that oilhe faity 
acids alone. By agitating the original sample with alcohol, separating 
the spirituous solution from the undissolved oil, and titrating the former 
with standard alkali, the ^um of the fatty and resin aeids originally 
existing in the oil can be ascertained.. 
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Castor Oil. 

French^HuWe de ricin. Oerman^Ricinusol. 

(See also p. 95.) Castor oil is expressed from the seeds of RieinuB 
communis, of which it constitutes nearly half the weight. .If not per- 
fectly clear, the oil is filtered, or treated with a small proportion of 
magnesia and animal charcoal. 

Castor oil is a transparent, colorless, or pale greenish-yellow liquid, 
having a faint odor and disagreeable taste. At a low temperature it 
thickens and deposits white granules, and at or about — IS^ C. it 
aolidifies to a yellowish mass. 

Castor oil is distinguished in its physical characters from most other 
fixed oils by its high specific gravity and viscosity, ready solubility in 
alcohol and insolubility in petroleum spirit. These characters are of 
value for the assay of commercial samples, and are described below. 
Some samples of castor oil are optically active. Deering and Bedwood 
have observed a rotation in Indian castor oils, of from 4-7*6® to -f 9"7®. 
The observations were made with a Hofllmann -Laurent polarimeter. 

Castor oil contains ricinolin and isoricinolins, dihydroxystearin, 
and a small quantity of stearin. Palmitin and olein are absent.^ 

RiciNOLic Acid, HCisHuOj, may be prepared from castor oil by 
the method employed for the preparation of oleic acid from oils ; or 
castor oil may be saponified, and the soap fractionally precipitated 
with calcium chloride. The first third should be rejected. The later 
fractions are purified by crystallisation from alcohol, and decomposed 
by dilute hydrochloric acid. 

Ricinolic acid is a thick oily liquid, which solidifies below 0®. It is 
insoluble in water, but is miscible in all proportions with alcohol and 
ether. The alcoholic solution has an acid reaction, an unpleasant, 
persistent, acrid taste, and does not oxidise in the air. Like oleic 
acid, it combines with Br,, and by treatment with nitrous acid is 
gradually converted into a stereo-isomer, ricinelaidic acid, a body 
crystallising from alcohol in white needles, melting at 50® C, and 
forming an additive compound with Br,. When heated with phos- 
phorus, iodine, and water, ricinolic acid yields an iodo-acid, which by 

* C. R. A. Wright finds that the mixed acids from castor oil have a mean combining 
weight ranging from 203 to 299, that of ricinolic acid being 298. A sample of castor oil, 
jinnl^'sed very carefully in the writer's laboratory, gave 9*13 per cent, of glycerol and 
96*17 per cent, of acids, of 306*6 mean combining weight and *9509 specific gravity al 
16*5*» C. 
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the action of nascent hydrogen (hydrochloric acid and zinc) is coo- 
verted into stearic acid. 

When distilled in a partial vacuum, ricinolic acid yields enanthal 
or normal heptoic aldehyde, CeHis.COH, and an acid of the acrylic 
series. The reaction may be used for the detection of castor oil. For 
this purpose the sample should be saponified, and the fatty acids 
liberated and rapidly distilled in a small retort. The distillate is 
shaken with a saturated solution of acid sodium sulphite, the resultant 
crystals pressed, dissolved in a solution of sodium carbonate, and the 
liquid distilled in a current of steam. The enanthal will collect on 
the surface of the distillate as a highly refractive liquid, of peculiar 
aromatic odor, boiling at 154^. Euanthal is also produced by sub- 
jecting the alkali-metal salts of ricinolic acid to dry distillation, but 
if caustic soda be present in addition, sodium sebate is formed, and 
methyl-hexyl carbinol and methyl-hezyl ketone are found in the 
distillate. 

Riciuolic acid forms a series of salts, many of which are soluble in. 
and may be crystallised from, alcohol or ether. 

The following are the results of examination of the mixed fatty 
acids of castor oil : — 



Specific gravity at 135^ C, 


•9609. 


(Allen.) 


M i> If 98^-99 , 


•8960. 


«> 


Solidifying point, 


3^ 


(HUbl.) 


Melting point, . 


13^ 


ft 


Iodine value (per cent), 


87-94. 




Refractive index, 


1*4546. 


(Thoem 



Commercial Castor Oil. 

The peculiar physical characters of pure castor oil distinguish it 
sharply from most other oils, but it is liable tQ adulterations, which, 
when not in excessive proportion, are difficult to detect. The most 
probable adulterants are poppy oil, lard oil, coconut oil, seal oil, rosin 
oil, and the oxidised or "blown" oil now manufactured from rape, 
linseed, or cottonseed oil. 

The specific gravity of the pure oil is exceptionally high. It usually 
ranges between *960 and •964, and any sample showing less than *958 
is open to suspicion. The only other commercial fixed oil having as 
high a specific gravity as castor oil is blown oil, Bonn oil has often as 
high a specific gravity as *998, but it can be detected and determined 
with accuracy as described on page 112. The viscosity of castor oil 
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at the onlinary temperature exceeds that of all other natural fixed 
oils, but is approached by rosin oil and blown oil. 

The solubility of castor oil in alcohol is much greater than that of 
any oil likely to be used as an adulterant. According to the British 
Pharmacopeia, it is entirely soluble in an equal measure of absolute 
alcohol, and in twice its measure of rectified spirit. This description 
is faulty; at a temperature of 30° C. it is strictly correct, provided the 
strength (specific gravity *838) and volume of rectified spirit and tem- 
perature prescribed be rigidly adhered to ; but the use of a slightly 
weaker spirit, the addition of a very trifling proportion of water, or a 
slight reduction of temperature, causes the castor oil to be thrown out 
of solution. It is perhaps preferable to use 4 measures of rectified 
spirit at 15° C. than half that proportion at the higher temperature. 
If any considerable proportion of adulterant be present, the liquid 
separates on standing into three layers, of which the lowest is usually 
the foreign oil, and its volume will afford an approximate indication of 
the proportion of the admixture. If the adulterating oil can be iden- 
tified by its chemical or physical characters, or referred to its proper 
group, the altered specific gravity of the sample will also afibrd a means 
of approximately estimating the proportion present Oleic acid would 
not be detected by the alcohol test, but it can be determined with 
accuracy by titrating the sample with standard alkali. 

The behavior of castor oil with petroleum spirit is highly character- 
istic. As far as has been recorded, all other fixed oils dissolve with 
facility in petroleum spirit, and are probably miscible in all propor- 
tions therewith, and with mineral lubricating oil. On the other hand, 
castor oil is not soluble in petroleum spirit, though it is itself capable 
of dissolving its own volume of that liquid. With the heavier petro- 
leum and shale products castor oil behaves in a similar manner, at 
least in a qualitative sense. In making a mixed oil for lubricating 
purposes, the castor oil must first be dissolved in an equal measure of 
lard or tallow oil, and the heavy mineral oil subsequently added. If 
the proportion of this does not exceed that of the castor oil employed, 
no separation will occur on standing. 

Castor oil is readily soluble in glacial acetic acid. It is easily mis- 
cible with an equal measure of that solvent at the ordinary tempera- 
ture, whereas most other fixed oils, except croton oil, are only dissolved 
on heating, and yield solutions which become turbid before they have 
again cooled to the ordinary temperature. 

Another useful test for the purity of castor oil is the determination 
of its saponification-equivalent. The number for castor oil is about 
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315. The values found by the author for blown rape oil varied from 
275 to 284. Most other oils require a larger proportion of alkali than 
castor oil, and this is especially the case with coconut oil, the presence of 
which the test is well adapted to recognise. Refined rosin oil, which 
has been extensively employed for the adulteration of castor oil, 
neutralises no alkali, or only a trifling quantity, and may be determined 
with accuracy by the process described on page 112. A sample of 
castor oil foots, containing much stearin, was found by the writer to 
have a saponification -equivalent of 295*3, the density being 939*4. 

The formation of sebacic acid, when the sample is distilled alone or 
with a quantity of alkali insufficient for its complete saponification 
(p. 157), may be employed as a test for foreign fixed oils in castor oil. 

Alizarin Oil. Turket-Red Oil. 

In dyeing cotton goods red with alizarin, the employment of a fatty 
acid at one stage of the process is essential. Experience has shown 
that the best results are obtained by employing the ammonium salt of 
ricinolsulphuric acid, Ci8Hu(HS03)Os, a body which is obtained, mixed 
with unaltered esters and with the products of its decomposition 
(see "Sulpholeic Acid"), by the action of sulphuric acid on castor 
oil. The details of the method of preparation vary considerably ; a 
common plan is to treat castor oil with strong sulphuric acid, added 
slowly with stirring, so that the temperature does not rise above 35^ C. 
The excess of sulphuric acid is then removed by agitating the product 
with water and then with a solution of common salt, and the oily layer 
of crude ricinolsulphuric acid is neutralised with ammonia, or with a 
mixture of ammonia with potash or soda. The product consists chiefly 
of ammonium ricinolsulphate, and constitutes "alizarin or turkey-red 
oil," sometimes called '* red oil " or " olein oil." 

Turkey-red oil, if properly prepared from pur^ castor oil, when 
largely diluted, even with hard water,^ will bear the addition of 
ammonium hydroxide to alkaline reaction without showing any tur- 
bidity on standing for several hours. A turbidity or precipitate 
denotes the presence of solid fats, and indicates the employment of 
either impure castor oil {e.g., castor oil foots) or of rape, cottonseed, 
olive, or other oil containing stearin or palmitin. A further indication 
of these oils having been employed is obtained by boiling the sample 
for some time with dilute sulphuric acid, and observing the solidifying 

1 A pure turkey-red oil from castor oil can dissolve small proportions of calcium salts. 
If the oil be acid, a white precipitate may be produced on diluting it even with distilled 
water, but this will immediately disappear on adding excess of ammonium hydroxide. 
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point of the mixture of esters and free fatty acids constituting the oilj 
layer. The alcohol test, described on page 158, is also available, foi 
the oil layer will be wholly soluble if castor oil alone was used for the 
preparation of the alizarin oil, while the liquid will be turbid, and 
globules of uudissolved matter will gradually separate, if other oils 
had been used. The test becomes more delicate if the alcohol be cau- 
tiously diluted. 

The proportion of fatty acids, &c., present in alizarin oil varies con- 
siderably. It may be as low as 40, and occasionally reaches 65 per 
cent., the usual proportion being about 50 per cent. 

For the determination of the total fatty matter Williams (J. & C /., 
1886, 73) treats 25 grm. of the sample in a porcelain dish on the water- 
bath with sufficient dilute acid to decompose it, 75 c.c. of a saturated 
solution of common salt, and 25 grm. of white wax. The ricinolsul- 
phuric acid is insoluble in brine, and hence rises to the surface ^nd 
dissolves in the melted wax. After cooling, the cake of wax h 
removed, dried as completely as possible with filter-paper, and then 
gently heated or dried over sulphuric acid to remove the last traces of 
water. The excess of weight over that of the wax taken gives the 
weight of fatty acids in the quantity of the original oil taken. 

Briihl recommends the extraction of the liberated fatty acids with 
ether. The oil is treated with sufficient dilute sulphuric acid (1 : 10) 
for its decomposition, and is then shaken with ether. The ethereal 
layer is separated, evaporated at a gentle heat, the residue dried at a 
temperature not exceeding 70^ C, and then weighed. Williams con- 
siders this process to give results in excess of the truth, in consequence 
of the ethereal extract being contaminated with water and mineral 
matter (usually sodium sulphate). The ethereal layer cannot be 
purified by agitation with water withoul some of the ricinolsul phuric 
acid passing into the aqueous liquid. 

Croton Oil. 

French — Huile de crotou. Oentian — Crotonol. 

(See also p. 95.) Croton oil is obtained from the seeds of the Cro- 
ton tigllum. 

The discrepancies in the analytic data for croton oil as determined 
by difierent observers are probably largely dependent upon the method 
by which the oil was obtained. Thus, Javillier {Analyst, 1898, 213) 
prepared three samples, the first by simple expression, the second by 
extraction with ether, and the third by digestion at 75^ C, with 95 
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per cent, alcohol, the first two methods being those described by the 
French Codex of 1884. The yield and character of the products are 
shown in the following table : — 





Expressed Oil. 


Oil Extracted 
BY £tui£B. 


Oil Extbacted 
BY Aloouol. 


Yield , 


12-5 per cent. 
Palo. 

Solubleat75<»C. 

— 70 c. 

109 

192-9 

27-3 


38 per cent. 
Light brown. 

Soluble at 75<» C. 

— 7«C. 

108 

194-5 

30-9 


12 per cent. 
Very dark brown. 

Soluble in tbeoold. 

— 8«C. 

91-2 

260-0 

601 


Color 


Solubility(lvoLt;f oil + 2 

▼ols. alwolate aloobol) .... 

Solidifioation temperature . . 

Iodin<f niimber .«...*... t . - 


Saponiflofition value 

Acid value 



The acid value was determined by dissolving the oil in ether and 
titrating directly with decinormal alcoholic potash. 

The lighter varieties darken very much with age. Crotou oil 
differs from castor oil in being soluble in. petroleum spirit. It has 
slight drying power and forms no elaidin with nitrous acid. It is 
stated to contain the following fatty acids and their esters : — stearic, 
palmitic, oleic, myristic, lauric, valeric, butyric, acetic, formic, aud 
tiglic. Duustan and Boole (J. S. C. /., 1895, 985) have shown that 
the vesicating constituent is a neutral, resinous substance of empirical 
formula Ci3Hig04, which forms but a small proportion of the so-called 
*' croton*oleic acid " from which it is obtained. 

Lewkowitsch has observed Reichert-Meissl values of 13'27 and 
13'56, and acetyl values of 19*61 and 2002 for croton oil. The same 
observer gives a solidifying point of the mixed fatty acids as 18*6^ to 

19** a 

Palm Oil. 

French — Huile de palme. Qerman — Palmol; Palmfett. 

(See Also page 96.) Palm oil is the product of several species of 
palm, but particularly of Elais Ouineenis. Palm oil proper is 
obtained from the outer fleshy coating of the sieed, the palmnut or 
palm-kernel oil having a different composition. 

Palm oil varies in consistency from that of soft lard to that of the 
hardest tallow, and its melting point is correspondingly variable. In 
color the oil ranges from the brownish-yellow common in the Salt- 
pond and Grand Bassa brands through various shades of red and 
orange to the orange-yellow«of Calabar oil. The color becomes pale 
after keeping, especially upon exposure to light and air, the oil at the 
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came time becomiDg rancid. The odor of some of the better qualities, 
such as Calabar, Brass, and Benin, is not disagreeable, but some of 
the irregular, such as Salt-pond, have a more or less disagreeable 
smell, especially when warmed. 

In chemical composition fresh palm oil consists essentially of pal- 
mitin, olein, and palmitic acid. 

Palm oil is a common constituent of railway-carriage grease, and is 
largely used for making soap. Palmitic acid, extensively employed 
for making candles, and oleic acid, often called "oleine," are obtained 
by saponifying palm oil under high pressure with water and a small pro- 
portion of a base, and subjecting the resultant mixture of fatty acids 
to hydraulic pressure. 

Analytic data from the mixed fatty acids of palm oil have been 
given as follows : — 

Specific gravity at 98®-99® C. 



(water at 15-5° =1), 


•8369. 


(Allen.) 


Specific gravity at 100^ 


C. 




(water at 100<' = 1), 


•8701. 


(Archbutt.) 


Solidifying point, 


35-8'-46-2'', usually 44^-45'' 




Melting point, 


47-75'»-50*. 




Saponification value 






(mgrm. KHO), 


204-207. 




Iodine value, 


53-3. 


(Thoemer.) 



Commercial Palm Oil. 

Palm oil as met with in commerce varies greatly in quality. It 
almost always contains more or lesd water and solid impurities. Some 
of the irregular oils occasionally contain 25 or 30 per cent, but the 
usual range is from 2 to 16 per cent., while most of the regular oil 
does not contain more than 5 or 6 per cent. It is usual to sell palm 
oil on the assumption that 2 per cent, of such foreign matters are 
present ; any excess over this is allowed for. 

Water is best determined by exposing 10 grjn. of the sample to a 
temperature of 110® C, for an hour or two, and noting the loss of 
weight (see ''Lard"). If the residual oil be then dissolved in warm 
petroleum spirit, the solid impurities will settle to the bottom, and can 
be filtered ofiT, washed with a little ether, dried, removed from the 
filter, and weighed. Afler weighing, the residue may be ignited, when 
the ash will indicate with sufiScient accuracy the proportion of sand 
and mineral matters, and loss of weight will give that of the organic 
matter. In many cases the water can be determined with sufiScient 
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accuracy by noting the measure of the aqueous layer which separates 
when the undried sample is dissolved in petroleum spirit, or simply 
kept melted in a graduated tube immersed in hot water. 

Palm oil often contains a considerable proportion oi free fatty aeids, 
the amount increasing as the oil gets old. The free acid raises the 
solidifying point of the oil, and causes it to exercise a Very corrosive 
action on iron and steel. A strip of bright steel will soon become dis- 
colored if immersed in palm oil containing free acid, and if lefc for 
some time in the oil will be found to be deeply pitted in places. The 
following proportions, calculated as palmitic acid (see page 105), have 
been found : — 



KiHD OP Oil. 


Palmitic Acid, 

PKR CKNT. 


Kind of Oil. 


Palmitic Acid, 

PER CENT. 


Arclibutt. 


A N.Tate. 


L. Archbutt. 




78-9 
72-0 
55-« 
53-2 
62-2 


S40 

eV-o 

49-0 


Fernando Po .' 

Half.jack 


40-5 
36-7 
24-4 
21-5 
119 


Unknown 


Kefined 


Half-jack 


Bran 


Bonny 


New Calabar 


Lagos 



The following results obtained by the analysis of typical samples of 
palm oil, from which the water and impurities were removed, have 
been communicated to the author by A. Norman Tate : — 





BRA88. 


Bbmik. 


Lagos. 


New 
Calabar. 


Old 
Calabar. 


Grand 
Bass A. 


Bpedflc gTBTitj at 16° C. 

Saponiflcation-equlTalenc 

Fatty acids ; percen uge. 

,, solfdiiyiDg point.. 

„ eomUning weight, 


■OT13 
280-2 
96-97 
44-4-45-8 
273-4 


•9228 

282-9 

96-96-0 

45-(M5-6 

273-7 


•9203 
285-4 
94-97 
44'5-45-5 
272-7 


•9269 
280-9 
94-97 
44-2-W5 
273-2 


•9209 

284-5 

942-95 

44 •2-45-5 

273-2 


•9245 

278-8 

95-0-96-5 

41-6-42-8 

273-0 



Palm Olein is obtained by subjecting palm oil to hydraulic press* 
ure in the same way that lard oil is made from lard. It usually has 
a density of about *914, and solidifies At 10^ G. With sulphuric acid 
it gives a greenish -yellow spot, which changes to a mottled brown on 
stirring. 

PalH'Nut Oil or Palm-Kernel Oil presents marked distinctions 
from palm oil. It varies from white to primrose- yellow or pink in 
color, with a characteristic odor recalling that of violets, but not unlike 
that of coconut oil, which it resembles closely in every respect. The 
density is high, ranging from '866 to *873 at 99^ C. (compared with 
water at 15*5^). The melting point is from 26^ to 30^, solidification 
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oocurring at 18^ to 20^, and the temperature again rising pretty con* 
stantly to 26^ or 26° C. 

Palmnut oil contains a large proportion of esters of lower fatty acidd» 
the composition of a sample analysed by Oudemans being : — 

- Olein, . 26*6 per cent 

Stearin, palmitin, and myristin, 33*0 ,, 

Lanrin, caprin, caprylin, and caproin, 40*4 ,, 

1000 „ 

It is worthy of notice that all the fatty acids of which the esters are 
said to be present contain an even number of carbon atoms. The same 
remark applies to coconut oil, which has a very similar composition 
(see page 166), but usually contains a somewhat larger proportion of 
lower fatty acids. Thus, the saponification-equivalent of palmnut oil 
usually is about 227y but varies somewhat with the mode of prepara- 
tion. If it be extracted from the palm-kernels by a solvent instead of 
by pressure the proportion of higher fatty acids is increased, and the 
melting point and saponification-equivalent of the product are raised 
in proportion. Palmnut oil is stated to be sometimes adulterated with 
or substituted by lard or tallow, colored with turmeric and scented 
with orris root. With modified figures for the saponification-equivalent 
and distillate- acidity (page 58), the method of examining coconut oil 
for such adulterants fully applies to palmnut oil. 

The following are some analytic data from the mixed fatty acids of 
'palmuut oil: — 

Solidifying point (titer test), 20*»-25-5® C. (Lewkowitsch.) 

Melting point, 20 •7*^-28 'S**. 

Iodine value, 12*0. 

Eeiractive index, 1*431. (Thoemer.) 

Cacao Butter. Oil of Theobroma. 

French — Beurre de cacao. German — Kakaobutter. 

(See also page 96.) This oil is expressed from the cacaonut, Theo^ 
broma cacao, from which ordinary cocoa is obtained, and must not be 
confused with coconut oil from Cocos nudfera. 

Cacao butter is a yellowish solid, gradually turning white on keep- 
ing. At the ordinary temperature it may be broken into fragments, 
but softens in the hand and melts in the mouth. It fuses between 30^ 
and 34^ (rarely at 29^) to a transparent yellowish liquid, which con- 
geals again at 20 5^, the temperature rising to about 27^. It has au 
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agreeable odor, tastes like chocolate, and does Dot readily become 
rancid. It dissolves in 20 parts of hot alcohol, separating almost com- 
pletely on cooling, and is also dissolved by ether and acetic ether. 

Cacao butter contains stearin, olein, and a little laurin, palmitin, 
and arachidin. C. Kingzett obtained from cacao butter an acid of the 
formula CmHiuOj, which he named theobromic acid. 

Examination of Cacao Butter. 

Cacao butter is liable to adulteration with tallow, lard, stearic acid, 
paraffin wax, coconut, almond, arachis and other oils. Observations of 
the melting point and specific gravity do not furnish satisfactory 
means of detecting such admixtures. Determinations of the iodine 
number, acid number, and saponification -equivalent are the most satis* 
factory in detecting adulteration. The iodine number usually ranges 
between 33 and 37'5. Strohl has found the high figure 41*7 per cent. 
The saponificatloo-equivalent ranges from 278 to 292, and is usually 
•about 287. That of coconut oil is about 250. Stearic acid is indi- 
cated by the increased acid value and paraffin wax or beeswax by 
the increased saponification-equivalent. R. Bensemann finds the 
fatty acids from different kinds of cacao butter to have a very con- 
stant melting point. When the determination is made in the manner 
recommended by him (page 35), they commence to melt at 48^ to 50°, 
the temperature of perfect fusion being 51° to 53° C. Tallow is said 
to be capable of detection by saturating a cotton thread with the oil, 
allowing it to burn for a short time, and then blowing it out, when the 
odor of tallow becomes perceptible. 

A better test for tallow and other adulterants of cacao butter is to 
dissolve 2 grm. of the fat in 4 grm. of ether at 17° C, and then immerse 
the closely corked test-tube in ice-cold water. Granules will separate 
from pure cacao butter in not less than 3, and more frequently in from 
5 to 8 minutes; while if tallow be present a turbidity will appear 
at once or within 2} minutes, according to the proportion of the adul- 
terant, of which 6 per cent, may thus be detected. On exposing the 
solution to a temperature of 14° to 15°, it will gradually become clear 
again if the sample was pure, but not if it was adulterated. This test 
is due to Bjorkland, and is adopted in the United States Pharmaco- 
peia. Its value has been confirmed by other observers, of whom Lam- 
hofer has pointed out that petroleum ether may be employed wit-fa 
similar results, except that the cacao butter separates rather more 
alowly than from ether, the deposit being always granular, while other 
fiits render the entire liquid cloudy. The solution of cacao butter in 
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two parts of ether will remain clear for a whole day if maiotained at 
a temperature of 12^ to 15^ This modification of the test is pre- 
scribed by the German Pharmacopeia, and is due to Ramsperger, who 
states that aniline may be substituted for the ether. 

According to E. Dietrich, a very reliable test for the purity of cacao 
butter consists in warming the sample with an equal quantity of "par- 
affin oil." A drop of the mixture is placed on a slip of glass, a thin 
cover applied and slightly pressed down, and the slide (hen exposed 
for twelve hours to a temperature not exceeding 5^ G. When then 
examined with polarised light under a magnifying power of 20 diam- 
eters, cacao butter appears crystallised in a form resembling palm- 
leaves, showing a fine play of colors with selenite. An addition of 10 
per cent, of beef tallow causes the fat to crystallise in tufts of needles, 
which exhibit a black cross; while, if mutton tallow be the adulterant, 
it is stated that no cross can be seen. 

The following are analytic data from the mixed fatty acids of cacao 
butter : — 

Solidifying poiDt (titer test), 48*^-48*27**. (Lewkowitsch.) 



Melting point, 


48-53*». 




Saponification-value 






(ragrm. KHO), 


190. 


(Tboeroer.) 


Iodine value, 


32-6-391. 




Refractive index, 


1-422. 


(Thocmer.) 


Coconut Oil. 







French— 'Beurre de coco. Oerman — KocosnussoL 

(See also page 97.) Coconut oil has the consistency of butter or 
soft lard. It is white or but slightly colored, and has a characteristic 
taste and odor of coconut. It is liable to become rancid, and has then 
a less pleasant flavor. . The melting point is variable, and the specific 
gravity at 98'' to 99"^ C. ranges from *866 to *874, being greater than 
that of the majority of vegetable fats. 

Coconut oil has a peculiar and highly complex chemical composition. 
It is largely composed of laurin, and contains even lower homologues 
{e.g.y caprin, caprylin, caproin), which yield acids capable of distillation 
in a current of open steam, and to some extent soluble in water (see 
pages 51 and 59} ; but myristin, palmitin, and stearin are also present in 
notable proportion. On the other hand, the low iodine-absorption (80 to 
9*5) shows that comparatively little olein or its homologues can be pres- 
ent. C. R. A. Wright states that the mixed fatty acids from coconut oil 
have a mean combining weight ranging between 196 and 204, that of 
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pure lauric acid being 200 The saponification-equivalent of coconut 
oil varies from 209 to 228, the corresponding mean combining weights; 
(calculated) of the mixed fatty acids ranging from 195'.7 to 2147. Coco* 
nut oil forms a soap the aqueous solution of which is not readily pre- 
cipitated by common salt, and hence is available for use with sea- water. 
The following figures have been obtained from the mixed fatty acids 
of coconut oil : — 



Specific gravity at 98*-99*» C. 






(•water at 15-5"» = 1), 


•8364. 


(Allen.) 


•BoUdifyiog point (titer test), 


2l-2«-25-2*. 


(Lewkowitsch.) 


Melting point, 


24<'-27«. 




Saponification value 






(mgrm. of KHO), 


258. 


(Thoerner.) 


Iodine value, 


8-4-9-3. 




Befractive index, 


1-4295. 


(Thoerner.) 



Cocouut oil is alleged to be liable^ to adulteration with suet, beef 
marrow, and other animal greases, as also with almond oil and wax. 
These would be detected by the reduced specific gravity at the 
temperature of boiling water, the increased saponification-equivalent, 
and the reduced amount of alkali neutralised by the distillate obtained 
by Reichert's process. Indeed, there is no addition likely to be made 
in practice, excepting that of palmnut oil, which, if practised in nota- 
ble proportion, would not be detected by these tests. The same 
methods if used with discretion will equally serve to determine the 
approximate proportion of the adulterant. Palmnut oil cannot be de- 
tected by the above or any other satisfactory method, but as it is 
employed for the same purposes as coconut oil, the substitution has 
little practical importance. 

Coconut Olein and Coconut Stearin are products obtained by 
submitting coconut oil to hydraulic pressure. The following figures, 
obtained in the author's laboratory from samples furnished him by 
Price's Patent Candle Company, show the relative physical and chemi- 
cal characters of the two products : — 

Olein. Stearin. 
Sp. gravity (wajer at 15 '6**) : — 

At 98-5*» C, -8710 '8696 

At 600*» C, ... -8959 

At 15-5<» C, -9262 Solid. 

Melting point ; ^C, ... 28-5 

Solidifying point ; ^ C, 4'0, rising to.8'0 21 '5, rising to 26*0 

Saponification-eqaivalent, 215 217 

N 
No. of CO. — alkali by Reichert*s test, 5'6 31 
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By treatment with alcohol and auimal charcoal a neutral coconut 
oil is produced, which is sold under the names "vegetable butter," 
" vegetaliue/' " lactine," " nucoline," " laureol," Ac. When well pre- 
pared these are white, of about the consistency of butter, of agreeable, 
sweet flavor, and, according to Jean (J. 8, C. J., 1891, 275), free from 
tendency to become rancid. 

Coconut oil is frequently used in the preparation of margarine. 

Japan Wax. 

French — Gire de japon. Oerman — ^Japanisches Wacbs. 

(See also page 97.) Japan " wax " is a fat contained between the 
kernel and outer skin of the berries of several species of Rhus^ the 
most important of which is Ehus succedarua^ which flourishes chiefly in 
the western provinces of Japan, and is now also cultivated in Cali- 
fornia. The crude wax forms a coarse, greenish, tallow-like mass, 
which is purified by melting, pressing through canvas, and bleaching 
in the sun. 

The purified wax is a yellowish-white, straw-yellow^ or greenish- 
yellow, wax-like mass, having a smell recalling at once that of tallow 
and of some kinds of beeswax. Under ordinary circumstances it fuses 
at 51^ to 53^ C, but a recently solidified sample melts at a consider- 
ably lower temperature. Its solidifying point is about 41"^, the tem- 
perature rising to 48-49^ in the act of solidification. The specific 
gravity at the ordinary temperature is about *990, while in a molten 
state at a temperature of 98® to 99° C. it is '873 to '877, compared with 
water at 15'5® C. Thus, in the solid state it agrees in specific gravity 
with the true waxes, and in the molten state it is considerably heavier 
than the true waxes or the ordinary vegetable fats. It is completely 
soluble in boiling alcohol, but is almost completely deposited on 
cooling. 

Japan wax is stated to be frequently adulterated with water, with 
which it is capable of forming a sort of emulsion when agitated with 
it a little above its melting point. 

It is readily and completely saponifiable, yielding glycerol, and hence 
is distinct in constitution from the true waxes, which yield monatomic 
alcohols when saponified (page 45). It consists essentially of palmitin, 
laurin, and small amounts of stearin and arachidin, with more or less 
free palmitic and lauric acids. The following figures were obtained in 
the author's laboratory by the examination of three samples from 
different sources. For convenience, the results yielded by a sample 
of myrtle wax are placed in juxtaposition : — 
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Japav Wax. 


Mtstlb 
Wax. 


No.1. 


No. 2. 


No.& 


Specific grarityof solid wax at 15*5<» C. .. . 
Specific gravitj of molten wax at 98>99<» C..« 

Melting point (method a, page 34) 

Solidifying point (method d, page 87) 

,y „ temperature rising to. . . . 
Free fatty acid, per cent, (in termi of pal- 
mitic acid) 


•875 

« • 

• • 

9-08 
258-7 
21*68 

13*50 

5V-O 

• • 


•993 

•877 
51-5 

• • 

12-72 
252*9 
22-13 

14*71 
•848 

56*5 
259*3 


•984 
•876 

52*0 

41*0 

48-5 

8-96 
261-2 
21-44 

1159 
•848 
560 
53-0 
257-5 
8-40 


•875 
40-6 
39-5 
39-5 

0-12 
265-2 
21-15 

13-38 
•837 
. 47-5 
460 
2430 


SMMnification-eqai^alent 


» Percentage of KUO required 

Prodncts of saponification : — 

Glycerol, per cent. ..•••■..•• •• 


Insoluble acids; sp. gr. at98-99<> C... 
.. meltinor noint 


„ solidifying point . 

.. combining weiffht .••••••..• • 


Soluble acids (as CbHiA) p«r cent. .... 



The specific gravity of the insoluble acids, considered in conjanction 
with their mean combining weight, renders it doubtful whether these 
fiitty acids really consist of palmitic acid with more or less of its 
homologuesy or of fatty acids isomeric with these. 

The mixed fatty acids of Japan wax have given the following data : — 

Specific gravity at 98^ to 99^ C. 

(water at 16-6® = 1), '848. (Allen.) 

Solidifying point, 63*»-59-4^. 

Melting point, 5«^-5r». (Allen.) 

The proportion of glycerol, as determined by the permanganate 
process, produced by the saponification of Japan wax is notably in ex- 
cess of that required to form a triglyceride of the fatty acids present, 
and this is especially true of No. 2, the glycerol from which sample 
was several times determined with great care. Whether the high pro- 
portion of glycerol be real, or due to some unusual constituent which 
renders the determination by permanganate inaccurate, has not been 
positively ascertained. 

That the constitution of Japan wax is peculiar is evident from 
the study of the products of its saponification, and is shown also by its 
high density both in the solid and liquid state, in which characters iE 
differs widely from the majority of solid fats. La Wall (J. 8. (7.^., 
1897, 247), notes the adulteration of Japan wax with starch to the 
extent of 25 per cent Adulteration with water is also practised. The 
addition of tallow may be detected by the lowered meltiug point and* 
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increased iodine absorption. The iodine absorption of pure Japan 
wax ranges between 4'2 and 6'6 per cent. 

Tallow, 

French — Suif. Oerman — Talg. 

(See also page 99.) Tallow is commercially classed as " beef" and 
*' mutton " tallow, but each of these comprises the fat of other animals 
besides the ox and sheep. 

Pure tallow is white and almost tasteless, but much of that in com- 
merce has a yellow cdlor and disagreeable rancid flavor. 

In chemical composition, tallow is very similar to lard, consisting 
essentially of a mixture of palmitin, stearin, and olein. According 
to A. Sc&uller, tallow can be distilled in a vacuum ; if distilled with 
superheated steam it yields oleic, palmitic, and stearic acids, and 
glycerol. The relative proportions of oleic and solid fatty acids yielded 
on saponification aflect the value of tallow (see below). 

By pressure, a considerable portion of the olein of tallow can be 
removed, and forms a product known as *' tallow oil " (page 173), the 
6olid portion constituting '* tallow stearin." 

The following are analytic data from the mixed fatty acids of tallow: — 



Beef Tallow. 
Specific gravity at 100® C. 

(water at 100^=1), '8698. 

SolidifyiDg point 

(titer test), 38^-46°, usnally 43®-45*». 



(Archbutt.) 



Meltiug point, 


43°-47°. 




Saponification value 






(mgnn. KHO). 


197-2-201 -6. 




Iodine valne, 


26-41. 




Iodine value of liquid 






fatty acids. 


92-2-92-4. 


(Wallenstein and Finck.) 


Refractive index. 


1-4375. 


(Thoemer.) 


Oleo-refractometer, 


-40. 
Mutton Tallow. 


(Jean.) 


Solidifying point 






(titer test), 40®-48*», usually 43«*-46*. 




Melting point, 


46*»-54°. 




Saponification value 






(mgrm. KHO), 


210. 


(Thoerncr.) 


Iodine value, 


34-8. 


(Thoemer.) 


Iodine value of liquid 






acids, 


92-7. 


(Wallenstein and Finck.) 


Refractive index, 


1-4374. 


(Thoerncr.) 
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Examination of Commercial Tallow. 

The tallow of commerce frequently contaiDs a sensible proportion 
of free fatty acid, the amount of which caa be ascertained with 
accuracy by titration with standard alkali and phenolphthalein, as 
described on page 105. The percentage of potassium hydroxide 
(KHO) required for neutralisation, when multiplied by 5, gives 
with sufficient accuracy the percentage of free acid. W. H. Deering 
(J. 8. C. /., 1884, 540) found that in 24 out of 25 samples of tellow 
from different sources the free acid ranged from 0'85 (in an Australian 
mutton tallow) to 12'20 per cent, (in a Russian tallow), while one 
sample ("town tallow ") which had been kept in store for six years 
contained 25 per cent, of free fatty acids. The free acid in 36 
samples of Australian tallow examined by A. N. Tate ranged from 
1*20 to 4'70 per cent. Large proportions of free acid are apt to be due 
to the tallow being adulterated with wool-grease acids, or stearic acid 
from cottonseed oil. 

Tallow frequently contains more or less water, infusible matters, 
and mineral impurities, and has been occasionally purposely adul- 
terated with starch, china clay, whiting, barium sulphate, &c. Fats 
of greater fusibility, especially bone fat^ may be present, and wool 
grease acids and cottonseed "stearin" have been extensively used. 
Cakes of tallow are said to have been met with the interior of which 
consisted of inferior fats. 

The presence of vjoier, starchy and insoluble substances generally can be 
detected, and their proportion estimated, as described under " Lard." 
The insoluble matter present in samples of tallow representing large 
lots b usually under 0'2 per cent., and the water rarely exceeds 1 tO; 
1'5 per cent. If bone fat be present, the calcium phosphate, which is 
a characteristic constituent of it, is not separated by simple fusion, but 
will be left with any other mineral impurities on igniting the tallow in 
a muffle. For the detection of calcium phosphate and other impuri- 
ties, 10 grm. of the tallow may be dissolved in carbon disulphide or 
petroleum spirit, filtered, the residue washed with a little ether, and 
dried at a moderate temperature. The insoluble matter may be exam- 
ined under the microscope, when starchy gelatinous matter, or fragments 
of tissue will be readily recognised. Starch may also be detected by boil- 
ing the residue with water and testing the solution with iodine. Idme 
soap will be detected by warming the residue with dilute hydrochloric 
acid, when globules of fatty acids will rise to the top of the liquid, and 
the latter, after filtration, may be neutralised and tested for calcium 
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with ammooium oxalate. Any effervescence of the residue, on addition 
of hydrochloric acid, will probably be due to whiting. Resin and resin 
oils, paraffin wax, coconut oil, cottonseed oil, and cottonseed stearin are 
more or less common adulterants of tallow. The quantitative reactions 
in conjunction with. the special tests will usually suffice for their detec- 
tion. (Compare "Lard.") 

Tallow which has not been washed and purified, and which therefore 
contains particles of blood, Ac, acquires a light brown color when 
agitated in a melted state with one-fiflh of its measure of nitric acid 
(sp. gr. r38). This reaction was formerly erroneously ascribed to 
the presence of cottonseed stearin. 

The varying quality and frequent adulteration of tallow some years 
since caused the French candle-manufacturers to adopt a process of 
assaying samples for the relative proportions of oleic and solid fatty 
isicids. This they effect by Dalican's method, which consists in deter- 
mining the solidifying point of the mixed fatty acids produced by 
saponifying the fat by method d, page 37 (titer test). The lowest per- 
missible solidifying point of the acids is often fixed at 44^ C, corre- 
sponding to a mixture of oleic and solid fatty acids in equal proportions. 
The following table by F. Dalican shows the approximate yield of sofid 
Jatty acids (" stearic acid ") from 100 parts of tallow or oiher fiit The 
corresponding oleic acid may be found by subtracting the percentage of 
solid acids from 95*00. 



SoLiDinriNo 


Solid Acids; 


SOLIDIFYINO 


Solid -Acids; 




Solid Acids ; 


Point; «>a 


PER CENT. 


Point; ©C. 


PBB CENT. 


Poikt; <»C. 




40-0 


35-15 


43-5 


44-65 


47-0 


57-95 


40-5 


3610 


44-0 


47-50 


47-5 


68-90 


41-0 


38-00 


44-5 


49-40 


480 


61-76 


41-6 


38-95 


45-0 


51-30 


48-6 


66-60 


42-0 


39-90 


45-5 


52-25 


M-O 


71-26 


42-5 


42-75 


46*0 


53-20 


49-5 


72-20 


43-0 


43-70 


46-5 


55-10 


60-0 


75-05 



Tallow has been occasionally met with which has been largely 
adulterated with the distilled fatty adds from wool grease^ and L. 
Meyer (DingL polyt. J,, ccxlvii. 305) has described a sample which 
consisted almost exclusively of such fatty acids. It smelt strongly of 
wool grease, yielded only 0*2 per cent, of glycerol on saponification, 
and when the aqueous solution of the soap was shaken with ether, 
and the ethereal solution separated and evaporated, a considerable 
amount of cholesterol was obtained, which gave a violet coloration 
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changing to blue when evaporated with concentrated hydrochloric 
acid and ferric chloride. Meyer states that 5 per cent of wool grease 
can be detected in tallow by this method. The fatty acids separated 
from the soap formed in the above process turned yellow in a few days, 
and after several months had acquired a deep orange-yellow tint. 

Tallow Oil, or Tallow Olein, b obtained by submitting tallow to 
hydraulic pressure. It much resembles lard oil, but is usually of 
inferior quality. The name " tallow oil '' is sometimes incorrectly 
applied to crude oleic acid. 

Lard. 

Frendi — Saindouz. German — Schmalz. 

(See also page 99.) Lard is the fat of the pig, melted and strained 
to separate tissue and impurities. The kind known as " bladder- lard ■* 
or leaf lard is usually prepared solely from the omentum or fat sur- 
rounding the kidneys. ''Keg-lard" is made from the fat of the 
entire animal, and usually melts between 28^ and 38° C, and solidifies 
between 24^ and 31^ ; hence it melts at a lower temperature than 
that from the omentum, which fuses at 42° to 45° C, and alone has 
the right to be called lard. The mixed fat from the entire animal 
would be more appropriately termed ** hog-dripping," and evidently 
bears the same relation to lard proper that mutton or beef dripping 
bears to suet. 

The Adep9 prceparaitis of the British Pharmacopeia is directed to be 
prepared from •' the internal fat of the abdomen of the hog, perfectly 
fresh "; and is stated to melt at about 378° C. 

By subjecting lard to a moderate temperature, combined with 
hydraulic pressure, most of the oleiu is separated, and forms lard oil, 
while the stearin and palmitin remain in the form of a solid cake of 
high melting point. 

The following are analytical data from the mixed fatty acids of 
lard:— 



Specific gravity at 98*»-100*' C. 






(water at 16 '5^=1), 


•837--840. 


(Allen.) 


Solidifying point, 


34*»-42^. 




Melting point, 


35*»-47<>. 




Iodine value, 


6&-65. 




Iodine value of liquid 






fatty acids, 


90M00^ 




Befractive index, 


r4395. 


(Thoerner.) 


Oleo-refractometer, 


-SO*. 


(Jean.) 
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Examination of Commercial Lard. 

Sodium carbonate is aometimes added to the melted lard, with a view 
of whitening the product Milk of lime, used in the proportion of 
from 2 to 5 per cent., gives a pearly white product, with which a large 
amount of water can be incorporated by stirring during cooling. 
' Piftaio-starch and alum have been occasionally mixed with lard. Pure 
lard is wholly free from taste or smell, and forms a perfectly clear 
liquid when melted by immersing the tube containing it in hot water. 
If either lime, sodium carbonate, water, or any similar addition has 
been made, the melted fat will be more or less opaque. Adulteration 
by water seems to be less common than formerly. Its amount may be 
estimated by heating 10 grm. of the sample at a temperature of 
110^ C. until no more globules of water can be-seen. and determining 
the loss in weight. 

Coconut oil has been employed for adulterating lard ; arachis and 
sesame oils are said to be used. The adulteration of lard most fre- 
quently practised consists in the addition of cottonseed oil, cottonseed, 
and beef stearin. Mixtures of beef stearin and cottonseed oil, con- 
taining no lard, are often sold under the name ** lard compound " or 
" compound lard." The presence of cottonseed stearin or coconut oil 
would be indicated by the increased specific gravity, as will be seen by 
the following figures : — 





Lard. 


Coconut Oil. 


COTTONSKED 

Stearin. 


Specific -gravity at 98° to 99° C. (water 
at 15'5° C. = 1) 


1 -860 to -861 

1 -905 to -907 

33 to 45 

286 to 292 

59 to 62 


•868 to -874 

•910 to -916 

20 to 28 

209 to 228 

9 


•911 to -912 

32 
285 to 294 


Specific gravity at 100° F. (water at 

100°F. = 1) 

Melting point; °C 

SaDonification-eautvalent 


lodine-absomtion 





Coconut oil will also be detected by the Reichert test. 

Arachis oil may be detected by Renard's test (see ** Arachis Oil ")» ^^^ 
sesame oil by the furfural reaction. Cottonseed oil may be detected 
by Becchi*s test, but instances have been reported in which pure lard 
(or the fatty acids from it) from pigs fed on cottonseed meal responded 
to this test. Lard that has been exposed to air will also have a slight 
reducing effect on silver nitrate, and care should be taken, therefore, 
to select a sample from the interior of the mass. Halphen's test is less 
responsive to these conditions and will be found more generally satis- 
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factory than Becchi's test. The color-reaction with nitric acid is. also 
a valuable indication of the presence of cottonseed oil, but it must 
not be forgotten that some samples of pure lard give a bro^n coloration 
with this reagent. Previous heating of the oil to 240^ C. has no effect 
on the reaction. 

Determination of the iodine absorption of the liquid fatty acids 
appears to be the most reliable method of detecting the addition of 
vegetable oils and fats to lard. In the case of European lards, the 
iodine value of the liquid fatty acids varies from 90 to 96, and in 
American lards it may range from 97 to 106. If, therefore, the iodine 
value of the liquid acids of a sample be found to lie above these 
limits, adulteration with a vegetable oil is proved; if coconut or palm- 
kernel oil be present, the figure will be lower. See under head of 
" Liquid Fatty Acids " for the method of their separation and data 
relating to them. 

Von Raumer {Analyst^ 1897, 265) calls attention to the possible 
value of Schiff 's reagent (see vol. i, p. 219) as a means of distinguish- 
ing between rancid and overheated lards and those adulterated with 
cottonseed oil, all of which respond to Becchi's test. Five c.c. of the 
melted fat were shaken with 10 c.c. of the reagent and placed in water 
at 90^ G. for two or three minutes. Fresh lard either gave no color 
at all or at most a faint rose, which disappeared in about thirty 
minutes when cold ; slightly rancid lards gave a strong color, which 
disappeared more slowly, but strongly rancid and overheated lards 
gave a pronounced violet, which did not disapper on cooling. On the 
other hand, beef stearin and beef stearin containing 30 to 40 per cent, 
of cottonseed oil showed no coloration. 

Jones (^Analyst, 1888, 170) detects the presence of cottonseed oil 
by the use of sulphur chloride, as follows: The fat is melted and 5 
grm. run by means of a pipette into a porcelain dish. Just before 
solidification 2 c.c. of a mixture of equal parts of sulphur chloride 
and carbon disulphide are added. At the time of this addition 
the mass should be well stirred and also occasionally during the 
succeeding fifteen minutes. Under this treatment genuine Isird only 
thickens or may become rather stiff in three hours, but if any con- 
siderable proportion of cottonseed oil be present the mass becomes 
quite hard in half this time. Lewkowitsch has found, this method 
useful. 

Cottonseed stearin remains fluid for some time at a comparatively 
low temperature after being once melted, so that a sample containing 
it, when allowed to cool after fusion, does not set so solid as at first. 
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The rise of temperature with sulphuric acid, or, better, with bromine, 
will ofteu furnish useful results ia the detection of cottonseed oiL 
Examination in the oleo-refractometer may also be of value. 

For the detection of beef stearin in lard, Stock's modification of 
Belfield's test is the most satisfactorj ; it consists in comparing the 
crystals obtained from an ethereal solution with those from two 
standard sets of mixtures, the first consisting of pure lard melting at 
34'' G. to 35" C, with 6, 10, 15, and 20 per cent of beef stearin melting 
at 56"^ ; the second of pure lard, of melting point of 39" to 40", with 
5, 10, 15, and 20 per cent of beef stearin melting at 60". The process 
is as follows : The melting point of the sample is determined by the 
capillary tube method. Suppose the melting point be found at 34", 
3 C.C. of the melted fat are run ftto a graduated cylinder of about 25 
C.C. capacity ; 21 c.c. of ether are 'added, and the fkt dissolved at 20" 
to 25" ; 3 c.c. of each of the first set of mixtures are treated in exactly 
the same way. The five cylinders are cooled down to 13", and allowed 
to remain at that temperature for twenty-four hours. An approximate 
estimate as to the amount of the adulterant is arrived at by reading off 
the apparent volume of the deposited crystals. The ether is then 
poured ofi*as far as possible, and 10 c.c. of fresh. ether at 13" is added 
in each case. The cylinders are again shaken, cooled as before, and 
the proportion of crystals read off* as before. Finally, the contents of 
the cylinders are emptied into weighed shallow beakers, the ether 
drained off* carefully, the mass allowed to dry for fifteen minutes at 
100" and weighed. The weight obtained for the sample under examina- 
tion is compared with the weight of the crystals obtained from which- 
ever of the standards comes nearest to it The second set of mixtures 
is used for samples of higher melting point . The actual presence of 
beef fat must be proved by microscopical examination, when the 
characteristic tufts are seen. No sample of pure lard melting below 
39" yielded more than O'Oll grm. of crystals under the above con- 
ditions. A sample of the melting point 45*8" gave, however, 0'146 
grm. of crystals. 

Cochran (J. A. C. S,, 1897, 796) finds the following method more 
delicate than the direct solution in ether. Two c.c. of the melted fatare 
mixed with 22 c.c of fusel oil and the mixture warmed to about blood 
heat, and when complete solution is effected it k allowed to cool slowly 
to 16" or 17" C. and maintained at this temperature for several hours, 
during which a crystalline deposit. forms. This is transferred to a 
filter, the fusel oil drained off* as far as possible, and a part or whole 
of the residue dissolved in ether in a test-tube, the mouth of the 
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tttbe plagged with cotton. The crTstals which form on standing maj 
be mounted in cottonseed oil and examined under the microecope. 

Mineral addUians will be left on igniting the lard, a little at a time, 
in a porcelain dish. SfkU^ o/tim, and other soluble mineral additions 
can also be dissolved out by agitating the melted lard with hot water, 
and identified bj testing the aqueous liquid jrith suitable reagents. 
Lime may be detected by triturating the sample with calomel or a 
solution of mercurous nitrate, when more or less darkening will ensue 
if lime be present. Lime Boap may be detected as in tallow. 

The presence of gelaiineus matter has been observed in lard by 
several chemists. It is probably .usually a product of the alkali 
employed in refining on the albuminous matters present ; but appears 
in some cases to have been derived from Irish moss. 

Lard Oil. 

When lard, especially the softer kind, is subjected to hydraulic 
pressure, it yields a considerable quantity of a fluid called " lard oil,'* 
or "lard olein,'' while the solid portion constitutes "pressed lard,'' or 
" lard stearin." Consequently, the melting point and other characters 
of lard oil depend much on the temperature at which the pressing is 
conducted, winter-pressed lard oil naturally containing less of the 
solid constituents of lard than that expressed at a higher tempera- 
ture. 

Lard oil consists of olein, with variable proportions of palmitin and 
stearin. It varies in tint from light yellow to colorless, and has but 
little odor. It usually thickens at about 4^ C, and becomes solid at 
— 4^ C, but some samples exhibit wide departures from these limits. 
A specimen of pure winter-presaed oil examined by J. Henry began 
to deposit flakes at — S"", was thick at — 10"^, and solid at — 12'' G. 
It did not remelt completely until the temperature reached + 7^ C. 

In many of its reactions, as in its chemical composition, lard oil 
closely resembles olive oil, which it simulates in its behavior with 
nitric acid, the elaidin-test, and the temperature produced by strong 
sulphuric acid. 

Lard oil is extensively employed as a lubricant The chief adul- 
terants afiect its viscosity and non-drying characters, and therefore its 
value for lubricating. Lard oil should not show any notable pro- 
portion of free acid when examined as on page 105. Lard oil. is 
ofl»n employed in lighthouse and signal lamps, and a small percent- 
age of free acid or of cottonseed. oil afiects, injuriously, its quality for 
these purposes. 

VOL. II.— 12 
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The specific gravity of lard oil is about *915, and should not exceed 
'916 at 15*5° C. If greater, the specimeu is probably adulterated 
with fish oil, cocouut olein, or cotton or other seed oil. Fish oib 
can be detected by the odor on warming the sample, by the in- 
creased temperature with sulphuric acid, and by the color-reactions 
with sulphuric acid and caustic alkali; coconut olein may be recog- 
nised by the taste and modified saponification-equivalent of the 
sample; and cotton and other seed oils may be detected, as in olive 
oil, by the elaidin-test, and their color-reactions with nitric acid. 

Rape oil has nearly the same specific gravity and color as some 
samples of lard oil. It may be detected by the modified elaidiu 
reaction and color-reaction with nitric acid; by the increased tem- 
perature developed on treating the sample with sulphuric acid ; by the 
increased saponification-equivalent ; and by the behavior of the sample 
when heated to about 200^ C, and then allowed to cool to 30^. Lard 
oil is deodorised by this treatment, whereas the peculiar penetrating 
smell of rape oil is enhanced. 

Lard oil has also been adulterated with a highly refined earth- 
nut oil, manufactured in France. The admixture will be indicated by 
the behavior of the sample with nitric acid (page 86), and by the pro- 
cess described on page 134, depending on the isolation of arachidic 
acid. 

The presence of many vegetable oils in lard oils is indicated by (he 
appearance of a well-defined band in the absorption -spectrum, near 
the line B. Genuine lard oil gives no absorption-bands. 

Hydrocarbons can be detected and determined as described on 
page 112. 

Butter-fat. 

French — Gras de beurre. German — Butterfett- 

(See also page 99.) Butter-fat is the fat of milk or butter. When 
used without qualification the term " butter-fat" is always to be under- 
stood as applying to the fat from cows' milk, but the milk of other 
animals yields a similar product. 

Butter-fat can be prepared direct from milk by rendering the liquid 
faintly alkaline with caustic soda, and then agitating it with ether. 
Afler standing at rest for some time the ether separates, and can be 
removed and distilled, when the butter-fat remains. It may also be 
prepared by evaporating the milk to dryness at 100°, and exhausting 
the residue with ether or petroleum spirit. Butter-fat is, however. 
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more conveoientlj prepared from butter in the manner described on 
page 185. 

Batter- fat has the well-known color, taste, and smell of butter. The 
melting and solidifying points vary considerably in different samples. 
According to J* Bell, the melting point usually ranges between 29*5 
and 330^ C, the maximum being 347^.^ The specific gravity is 
higher than that of the majority of fats, a fact which is of some value 
for its identification. 

Butter-fat has a peculiar and complex composition. The character- 
istic constituent is the radicle of butyric acid, which is present together 
with those of certain of its higher homologues. 

James Bell obtained the following productaby saponifying 100 parts 
of butter-fat. The fatty acids soluble in water were regarded as 
butyric acid. Those soluble in hot water only appear in the analysis 
as caproic acid, &c., the combining weight being deduced from the 
amount of barium carbonate left on igniting their barium salts : — 

Butyric acid, 6'13 

Caproic, caprylic, and capric acids, . . 2'09 (mean combining weight = 136) 

Myristic, palmitic, and stearic. acids, . . 49*46 )_ 35 .5^ 

Oleicacid, 3610) 

Glycerol (calcalated), 12*54 

106*32 

The proportion of butyric acid and its immediate homologues pro- 
duced by the saponification of butter ranges between 5 and 8 per 
cent. Muter obtained, from two samples of butter-fat, 40*4 and 34*8 
per cent, of oleic acid, and 47*5 and 62*1 per cent, of mixed myristic, 
palmitic, and stearic adds. 

The proportion of glycerol produced by the saponification of butter 
was first determined in 1823 by Chevreul, who obtained 11*85 per 
cent by direct weighing of the isolated glycerol, and Liebschiitz has 
isolated 13*75 per cent. By oxidising the glycerol with permanganate, 
and determining the oxalic acid formed, Benedikt and Zsigmondy 
have found from 10*2 to 11*6 per cent, of glycerol to be formed by the 
saponification of butter, and the author's figures fully confirm these. 

These analytical results show that butter-fat is essentially a mixture 
of various esters, those of butyric, palmitic, and oleic acids being the 

* BeU'i melting pointa w^re determined bj saddenlj cooling the melted fat by im- 
mersing the platinum oapsale containing it in ioe-water. A fragment of the fat was then 
taken up on a loop of platinum wire, and gradually heated in water in clote proximity tfi 
the bulb of an immersed thermometer. 



180 FIXED OILS AND PATS* 

leading constituents. Hehner and Mitchell obtained but very small 
proportions of stearic acid, and in some cases none. 

Some experiments of James Bell indicate that several acid-radicles 
are present in the same molecule, and that butyrin cannot be separated 
by any process of fractional solution from the less soluble esters. 
Hence butter-fat probably contains complex esters of the following 
type:— 



(O.C^H^O 

I3H5 O.CJijiO 

I0.C18H33O. 



Such a compound would yield fatty acids and glycerol in the same 
proportions as would be obtained from a mixture of butyrin, palmitin, 
and olein in the proportion of their molecular weights. 

By treating butter with only half the quantity of alcoholic soda 
necessary for its complete saponification, and precipitating the liquid 
with water, Bell obtained an oil which solidified at 4'4^ C, and on 
saponification yielded 88*1 per cent, of insoluble acids, but no soluble 
fatty acids. This result agrees with the composition of an ester of the 
following character : — 



lO.CieHjjO. 

It is to be regretted that no determination of the glycerol was made. 

The treatment of butter-fat with a proportion of alcoholic potash or 
soda insufficient for its complete saponification results in the formation 
of ethyl butyrate (butyric ether), C2H5.O.C4H7O, and it has been shown 
by Fox and Wanklyn {Analysty vii. 73) that the quantity produced 
under favorable conditions corresponds to 3i parts of butyric acid for 
100 of butter-fat. 

The fat from the butter of ewes' and goats' milk is very similar to 
that from cows' milk, but the esters of caproic and capric acids bear a 
larger proportion to the butyrin present than, is the case with cows* 
butter.^ The following figures by E. Schmitt show the relative com- 
position of butter-fat from the three sources : — 

1 A sample of milk from the porpoise has been examined by Purdie, who foand it to 
contain 45*8 per cent, of fat. A small qaantity of this porpoise butter was, at his own 
request, submitted to the writer, who, on examining it by Reichert's method, obtained a 
distillate having an acidity norrespoading to 4*57 per cent, of yalerio aoid, which was 
proved to bo the chief volatile fatty acid present. It is carious that the butter from the 
milk of a marine mammal should contain the ester of valeric acid, Gfl^fi^ as its charac- 
teristic constituent, while in t^o butter from the mUk of terrestrial mammals radicles of 
fatty acids containing an even number of carbon-atoms appear to be almost ezolusiyelj 
present. 
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BUTTBR-rAT FROM 



CowB>MiJk. Cows' MUk. GoaU'MlIk. Ewes' MUk. 



Melting point; ^ C. (by method 
•, page 37) 

Volatile and aoluble fatty aoids, 
per cent, (in termi of butyric 
acid) 

Fixed and insoluble fatty aoids; 

percent 

„ melting point 



86*5 



4*45 

88'67 
39-8 



86-5 



4*45 

80*15 
400 



33-5 



4*50 

84-40 
88*8 



87-5 



4-77 

85*25 
40*5 



By long exposure to light, butter-fat becomes completely bleached 
«od notably altered in chemical composition. A specimen examined 
by P. Vieth gave 87*37 per cent of insoluble fatty acids when fresh, 
while after exposure to diffused daylight for twelve months only 85*09 
per cent was obtained. 

The peculiar characters and chemical composition of butter-fat 
render its recognition easy. The subject is discussed at length in con- 
nection with the detection of adulterations of commercial butter. 

The following are the results of examination of the mixed acids 
from butter-fat: — 



Solidifying point 


33^-38«C. 


(Thoemer.) 


Melting point, 


38«-45« C. 




Saponification valne 






(mgrm. KHO), 


210-220. 


(Thoemer.) 


Iodine valae, 


28-31. 


(Thoemer.) 


Heat of biomination, 


6-2. 


(Hehner and Mitchell.) 


Reftactive index, 


1*437-1*439. 


(Tbocrner.) 



Butter. 

The general characters of butter are well known. It consists of a 
mixture of about 80 to 90 per cent, of butter-fat, with variable propor- 
tions of water, curd, and salt Coloring matter is often added, and 
carbonate of sodium is sometimes employed to prevent rancidity. 

In its ordinary state, butter readily becomes Vancid, butyric acid 
being amongst the most prominent products of the change. Pure 
butter-fat is comparatively little liable to change. 

Butter was formerly subject to numerous adulterations, some of 
which are of a very apocryphal nature. Starch, flour, soluble glass, 
Ac, are among the doubtful sophistications. Lard, tallow, dripping, 
and other animal and vegetable fats were formerly extensively em- 
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ployed ; but of late years by far the most extensive sophistication of 
butter has been an admixture with, or complete substitution by, the 
factitious butter now so largely manufactured and sold under the name 
" margarine." Excessive proportions of salt and water are occasion- 
ally met with, and coloring and flavoring ingredients are also used. 

Water is best determined by placing 5 grm. or some other known 
weight of the butter in a small tared beaker, and exposing it in an 
air-bath to a temperature of 105^ to 110° C. until no more globules of 
water can be observed on looking at the beaker from below. Tiie loss 
of weight undergone by the sample shows the amount of water in the 
quantity taken. Generally the water can be completely expelled in 
about one hour. The proportion of water normally present in butter 
is from 8 to 12 per cent. Sixteen per cent, may be regarded as the 
maximum proportion in good, well-made butter. James Bell, how- 
ever, obtained from 117 samples of butter collected in various parts of 
the kingdom, and asserted by him to be genuine, proportions of water 
varying from 4'15 to 20*75 per cent, the mean of the whole being 
14'2 per cent. 

Curd and salt are most conveniently determined in the quantity of 
butter which has served for the estimation of the water. The fat is 
re-melted and filtered into a small tared beaker, kept in a warm place. 
The residual matter is rinsed on to the filter with petroleum spirit, 
redistilled at a temperature below 80° C, and washed with hot 
petroleum spirit till free from fat. The filter is then dried at 100° C, 
and the contents scraped off and weighed. After weighing, the residue, 
which represents the curd and salt of the butter, may be examined 
under the microscope for starch, cellular tissue, &c., and then, if 
desired, treated with cold water, and the solution further examined. 
Usually, however, it is sufficient to ignite the residue in porcelain at a 
low temperature, and regard the non-volatile matter as salt, the com- 
bustible as curd. It is evident that if a more minute examination be 
considered necessary, it will be well to operate on a larger quantity of 
the sample. 

The proportion of salt normally present in butter varies from 05 to 
5 or 6 per cent. Any. higher proportion may be considered excessive, 
and to some extent suspicious. It is not possible to fix a limit for the 
amount of salt a sample of "fresh butter" should contain, as the pro- 
portion in butter called by that name varies considerably with the 
locality. The proportion of curd, except in rare cases, does not exceed 
1 or 2 per cent. 

Fatty matter in butter may be determined indirectly by subtracting 
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the sum of the percentages of water, curd, and salt from 100*00. It 
may be estimated directly by evaporating off the petroleum spirit from 
the filtrate from the curd and salt, and adding the weight of the re- 
sidual fat to that of the main quantity. It is not desirable to mix the 
filtrate and washings together, as the last traces of the solvent are 
volatilised with difficulty if the quantity of fat is considerable. 

The official methods of the A. O. A. C. for the analysis of butter are as 
follows : — 

Preparation of the Sample, — If large quantities of butter are tobe sampled, a 
butter trier or sampler may be used. The portions thus drawu, about 500 gnn., 
are to be perfectly melted in a closed vessel at as low a temperature as possible, 
and wheu melted the whole is to be shaken violcutly for some minutes till the 
mass is homogeneous and sufficiently solidified to prevent the separation of the 
TTater and fat. A portion is then poured into the vessel from which it is to be 
weighed for analysis, and should nearly 'or quite fill it. This sample should be 
kept in a cold place till analysed. 

Determination of the Water. — From 1'5 to 2*5 grm. are dried to constant weight 
at the temperature of boiling water, in a dish with flat bottom, having a surface 
of at least 20 square centimetres. The use of clean, dry sand or asbestos with 
the butter is admissible, and is necessaiy if a dish with round bottom be em- 
ployed. 

Determination of the Fat, — The dry butter from the water determination is 
dissolved in the dish with absolute ether or with petroleuui ether of 76^ The 
contents of the dish are then transferred to a weighed Qooch's crucible with the 
aid of a wash-bottle filled with the solvent, and are washed till free from fat. 
The crucible and contents are heated at the temperature of boiling water till the 
weight is constant The weight of fat is calculated from the data obtained. 

The fat may also be determined by drying the bntter on asbestos or sand, and 
extracting by anhydrous alcohol-free ether. AAer evaporation of the ether the 
extract is heated to constant weight at the temperature of boiling water and 
weighed. 

Determination of the Casein, Ash, and C/i/ori «c— The crucible containing the 
residue from the fat determination is covered and heated, gently at first, gradu- 
ally raising the temperature to just below redness. The cover may then be 
removed and the heat continued till the contents of the crucible are white. The 
loss in weight of the crucible and contents represents casein, and tlic residue in 
the crucible, mineral matter. In this mineral matter dissolved in water slightly 
acidulated with nitric acid, chlorine may be determined gravimetrically with 
silver nitrate, or, after neutralisation with calcium carbonate, volumetrically, 
using potassium chromate as indicator. 

Determination of the Salt, — Weigh in a counterpoised beaker from 5 to 10 grm. 
of the butter. The butter is placed in portions of about 1 grm. at a time in 
the beaker, these portions being taken from difierent parts of the sample. Hot 
water (about 20 cc.) is now added to the beaker, and after the butter has 
melted, the liquid is poured into the bulb of a separating frinnel. The stopper 
is inserted and the contents shaken for a few moments. After standing until 
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the fat has all collected on top of the water, the stop-cock is opened and the 
water is allowed to run into an Erlenmeyer flask, being careful to let none of 
the fat-globnles pass. Hot water is again added to the beaker, and the extrac- 
tion is repeated from ten to fifteen times, using each time from 10 to 20 c.c. of 
water. The resulting washings contain all but a mere trace of the salt origi- 
nally present in the butter. The chlorine is determined volumetrically in the 
filtrate by means of standard silver nitrate and potassium chromate indicator 
and calculated to sodium chloride. 

The minimum limit formerly suggested by the Society of Public 
Analysts for the fat in butter was 80 per cent, thus allowing 20 per 
cent, for water, curd, and salt. 

Coloring mattera of various kinds are added to butter. Among the 
substances employed for the purpose, E.Schmitt enumerates marigold 
and carthamus flowers, saffron, carrot-juice, and turmeric; more re- 
cently the coal-tar colors, coralline -yellow and victoria-yellow, are 
said to have been used, as also lead chromate. " Carottine " is appa- 
rently a solution of 1 part of annotta in 4 parts of oil, the annotta 
being partly replaced by turmeric for the lighter shades. " Orantia " 
b a solution of annotta and sodium carbonate in water. 

Ck)al-tar colors, either Soudan I. or closely analogous bodies, are now 
extensively employed as butter colors. They are insoluble in water, 
but freely soluble in fats. 

For the detection of foreign coloring matters in butter, Martin's test 
will be found very satisfactory. Dissolve 2 parts of carbon disulphide 
in 15 parts of alcohol by adding the former in small portions and 
shaking gently. 25 c.c. of this mixture are placed in a convenient 
tube, 5 grm. of the butter-fat added, and the tube shaken. The 
carbon disulphide falls to the bottom, carrying with it the fatty matter, 
while any artificial coloring matter remains in the alcohol. The sepa- 
ration takes place in from one to three minutes. If the amount of 
coloring matter is small, more of the fat may be used. If the alcoholic 
solution be evaporated to dryness and the residue treated with concen- 
trated sulphuric acid, annotta will be indicated by the production of a 
greenish-blue color. The production of a pink tint will indicate a 
coal-tar color of the Soudan group. The normal coloring matter of 
butter is not soluble in alcohol. 

Margarine. Detection op Foreign Fats in .Butter. 

As already stated, by far the most common adulteration of butter 
now practised is that of the addition of, or entire replacement of the 
true butter by, foreign fats. Formerly the sophistication consisted in 
actually incorporating with the butter more or less lard, dripping^ 
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iaitoWf or similar fat, but of late years the adulteration has been gen- 
erally conducted in a far more scientific and less objectionable manner. 

Various fadituma butters or butler substitutes are now extensively 
manufactured and sold under the names of oleomargarine, or margarine. 
The former is the legal title in the United States for all butter substi- 
tutes; the latter is the legal title in England and several other coun- 
tries. For the manufacture of these factitious butters the fat is usually 
carefully selected, and brought to a proper consistency by removing 
the less fusible portion by hydraulic pressure, or increasing the propor- 
tion of olein by adding sesame, arachis, or cottonseed oil. The fat is 
then usually incorporated with milk and salt, and colored witli annotta, 
4&C., and sometimes more or less real butter is also added. A small 
amount of glucose is now often added. It is stated also, that butyric 
acid and certain butyrates have been employed in order to produce a 
still closer imitation of true butter. Among the fats known to be suc- 
cessfully employed are : — the more fusible portions of mutton- and 
beef-fat; lard; cottonseed oil ; sesame oil; arachis oil; palm oil, and 
purified coconut oil. Horse-fat, bone-fat, and waste grease are also 
said to be used. 

As a rule, the butter substitutes now manufactured are excellent imi- 
tations of butter and valuable articles of food. They difier, however, 
from real butter in certain important respects, and should not be sold 
without due acknowledgment of their nature. 

The recognition of foreign fats in butter is dependent on the pecu- 
liar constitution of true butter-fat, and hence it is invariably necessary 
first to separate the water, curd, salt, &c., and obtain the fatty matter 
of the sample in a condition fit for further examination. For this pur- 
pose it is desirable to employ about 50 grm. of the sample. About this 
quantity should be placed in a dry beaker and exposed to a moderate 
temperature (50^ to 60^ G.) until the whole has melted and the water 
and curd have settled to the bottom of the vessel. This will be induced 
more rapidly by careful stirring, so as to cause the curd to adhere to 
the sides of the beaker. The clear fat is then poured on a dry warm 
(ribbed) filter, and kept in a warm place until about 30 c.c. of filtrate 
are collected in a dry beaker. If the filtrate be not perfectly clear, it 
must be re-filtered after further careful heating. The fat should be 
kept as short a time as possible in a molten state, and the temperature 
should not be allowed to exceed 70^ C, as otherwise the specific grav- 
ity and certain other characters of the fat may be seriously afi*ected.' 

^ Inattention to the abore wsontial conditions has led' to serious errors. It was not 
improbably the caase of the Somerset House chemists declaring a sample to be genuine 
tetter when the vendors had admitted the said sample to be factitious. 
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The fatty matter of the butter beiog thus isolated, its physical and 
chemical characters! may be investigated. 

Numerous methods of examining butter for foreign fats have been 
devised, but many are wholly worthless for their intended purpose 
unless the sophistication be of the gross character which is now almost 
obsolete. Thus the melting or solidifying point of the fat is no longer 
an indication of value, as margarine fat is carefully adjusted to abou( 
the same fusibility as butter. The observation of well-defined, double- 
refracting crystals under the microscope is now well understood to sig- 
nify nothing but that the fat in question has undergone fusion and 
subsequent solidification. 

The following is a description of those methods of examining butter 
for foreign fats which considerable experience has shown the author to 
be thoroughly reliable : — 

The specific gravity of the molten fat is a valuable criterion of its 
nature. The test was originally suggested by James Bell, who showed 
that melted butter-fat was sensibly denser than lard and margarine. 
Bell took the specific gravity of the fat at 100^ F. (37-8^ C), by 
means of a specific gravity bottle furnished with a thermometer, and 
his figures express the specific gravity of the fat at the temperature of 
the experiment compared with water at 100° P. Expressed in this 
way, the specific gravity of pure butter-fat was found by Muter to 
range from *9105 to 9138, being rarely below '9110. The author's 
experience of a large number of samples examined by this method 
practically confirms this result. 

The following figures show specific gravities observed in butter-fat 
and its substitutes at a temperature of 100° F. (37*8° C), water at the 
same temperature being taken as unity : — 





J. Bell. 


J. Muter. 


A. H. ALLEir. 


Butter-fat 


•9094 to -9140 
•9014 to -9038 
•9040 to -9046 
•9038 
•9028 to •9037 


•9105 to -9138 
•903 to -906 
•904 to -907 
•904 to -906 


•9099 to -9132 
•902 to -905 


Margarine , 


DriDDinir 


La«i 


» Suet .-.. 





The determination of the specific gravity of fats at 100® F. by 
means of a gravity-bottle may be advantageously replaced by the 
method suggested by G. Estcourt, who recommended that the determi- 
nation should be made at the temperature of boiling water by means of 
a Westphal balance. The mode of operating employed by the writer 
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is fully described on pages 29 and 30 and leaves nothing to be desired. 
Od reference to the tables on pages 31 and 32 it will be seen that 
melted palm oil, tallow, lard, and margarine are sensibly lighter than 
butter-fat, coconut oil, or cottonseed oil. The limits of specific gravity 
for butter-fat and margarine met with in practice are as follows : — 

Butter-fat, 867 to 870 > 

Margarine, -8585 to 8625 i ^ ^^ ' 

The average specific gravity of butter-fat at 99^ is '868, and that of 
margarine *861. Admixture of cottonseed oil will increase the specific 
gravity of margarine, but there is of course a practical limit to the 
employment of this as an ingredient of artificial butter. Coconut 
oil would readily raise the specific gravity of a sample to that of 
butter-fat, but it would be detected on application of other tests. 

It will be seen, therefore; that the determination of the specific 
gravity of the molten fat, if conducted under proper conditions, affords 
a useful indication of the purity of butter, and a means of roughly 
estimating the proportion of the foreign fat contained in adulterated 
samples. 

By long-keeping, butter becomes so changed that the specific gravity 
of the fat is worthless as an Indication of its purity. 

Although the determination of the specific gravity of butter-fat is 
useful as a preliminary test, the indication, when taken alone, is not 
sufficiently reliable to justify the positive condemnation of a sample as 
adulterated, or even to prove it to be approximately genuine. For 
more definite information, the following methods must be employed : — 

The behavior of a sample of supposed butter-fat with glacial acetic 
acid (see also page 40) affords a valuable indication of its nature. It 
is simply necessary to pour 3 c.c. of the melted fat into a small test- 
tube, add an exactly equal measure of glacial acetic acid, and immerse 
the tube in boiling water, or heat the contents over a small flame till 
complete admixture takes place on agitation. The liquid is then 
allowed to cool spontaneously, while stirred with the bulb of a ther- 
mometer, and the temperature at which it becomes turbid is duly 
noted. A number of samples of butter-fat recently examined in the 
author's laboratory showed fairly corresponding turbidity- temperatures, 
the range for fifteen samples being only between 56^ and 61*5^ C. On 
the other hand, seven samples of margarine gave solutions in acetic 
acid which became turbid between 98^ and 100^ C. 

A valuable method of examining butter-fat is the determination of 
the volatile fatty acids by Beichert's distillation process, as described 
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on page 58. As there stated, the value of its indications has been fully 
confirmed. There is no fat liable to be employed for the adulteration 
of butter which at all simulates the behavior of butter-fat when 
examined by Reichert's process.^ Even coconut oil, which resembles 
butter-fat in specific gravity, solubility in acetic acid, and saponification- 
equivalent, gives little more than one-fourth of the volatile and 
soluble fatty acids yielded by butter-fat. If the absence of any con- 
siderable proportion of coconut oil is proved by the specific gravity 
of the sample not exceeding the limit for margarine, the proporttob 
of foreign fat to butter-fat is indicated roughly by the results of 
Reichert's test. Meissl's modification' employing 5 grm. of the fat has 
been very generally adopted, )ind the figures furnished by it are about 
2*2 times the Reichert value. 

Considerable variation in the Reichert-Meissl value has been noted 
in the butter of different countries. The lowest values are found in 
Italian butters, the minimum for which has been fixed at 20. In 
England, France, and Germany the minimum value has been fixed at 
24, and in Sweden at 23. 

Values considerably below the limit of 24 have occasionally been 
found in English butters of known purity ; thus, Vieth found figures 
from 20'4 to 21'4 in butter made from the milk of a particular Eng- 
lish farm. Such low values are exceptional, and it is more usual to 
find them in the butter obtained from the milk of a single cow. 

If the Lefimann-Beam method of saponification be adopted, the 
figures are generally about 0*7 less than the above, due mainly to less 
interference of carbon dioxide. 

The saponificaium-equivalent of butter- fat ranges from 241 to 253, the 
average being about 247. The figures for coconut and palranut oils 
vary between 209 and 228 ; while the usual other adulterants have 
equivalents exceeding 277 and averaging about 285. 

Although the careful examination of butter-fat by the foregoing 
methods will almost invariably lead to the detection of any notable 
proportion of foreign fats, it is often important to obtain such further 
information as is afibrded by determinations of the relative proportions 
of soluble and insoluble fatty acids yielded on saponification. As 
stated on page 45 et seq.^ ordinary fats, consisting of mixtures of 
palmitin, stearin, and olein, yield on saponificatiom fully 95 per cent, 
of fatty acids, of which all but a small fraction will be insoluble in 

^ Butyric acid and artijicial buti/rin, saspected to be sometimes added to butter- 
snbetitates, might be detected by treating the fat with a liiAited qaantity of alcohol, and 
examining the resultant solution by Reichert's method. 
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water. Butter- fat, on the other hand, owing to its containing radicles 
of butyric and other of the lower fatty acids, yields on saponification 
fatty acids which consist to a notable extent of butyric acid and other 
fatty acids soluble iu water. The fatty acids insoluble in water range 
from 86'5 to about 89 parts for every 100 of butter- fat taken, while the 
soluble fatty acids, as determined by their neutralising power, range 
from 4'5 to nearly 7 per cent. Associated with the butyric acid are 
higher homologues, such as caproic acid, having a very limited 
solubility in water, and therefore only separated with difficulty from 
the true insoluble acids. Therefore, if the amount of soluble fatty 
acids be determined by titrating the aqueous solution with standard 
alkali, the volume of normal solution required being calculated to its 
equivalent of butyric acid, the result obtained is below the true amount, 
owing to the caproic acid, &c., being regarded as butyric acid, which 
latter acid has a lower combining weight. This fact may be borne in 
mind, but has no practical influence on the results. 

The examination of butter-fat by the determination of the insoluble 
fatty acids was first suggested by Messrs. Angel 1 and Hehner, but the 
original process has been greatly improved by Turner, Jones, and other 
chemists, and by Muter, who devised a process for determining the 
soluble fatty acids. The following details of operating are those which 
in the author's experience are most satisfactory. The utmost care is 
necessary throughout the analysis : — 

Before commencing the operation, the following standard solutions 
must be prepared : — 

(a) Dissolve 14 grm. of good stick-potash in 600 c.c. of rectified 
spirit, or methylated spirit which has been redistilled with caustic 
aJkali, and allow the liquid to stand till clear. This solution will be 
approximately seminormal. 

(b) A standard hydrochloric or sulphuric acid of approximately 
seminormal strength. 

(c) Accurately prepared decinormal sodium hydroxide. Each 1*0 
c.c. contains *0040 grm. of NaHO, and neutralises '0088 grm. of 
butyric acid, CaHsOs. 

A quantity of the butter-fat (separated from water, curd, and salt, 
as described on page 185) is melted in a small beaker, a small glass rod 
introduced, and the whole allowed to cool and then weighed. It is re- 
melted, stirred thoroughly, and about 5 grm. poured into a strong 200 
c.c. bottle. The exact weight of fat taken is ascertained by re-weighing 
the beaker containing the residual fat. 

By means of a fast delivering pipette, 50 c.c measure of the alcoholic 
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potash (solution a) is run into the bottle, alid the pipette drained 
exactly 30 seconds. At the same time, another quantity of 50 c.c. is 
measured off in an exactly similar manner into an empty flask. 

The bottle is fitted with an india-rubber stopper, which is tightly 
wired down, and is placed in the water-oven, and from time to time 
removed and agitated, avoiding contact between the liquid and the 
stopper. In about half an hour, the liquid will appear perfectly 
homogeneous, and when this is the case the saponification is com 
plete and the bottle may be removed. When sulBSciently cool, the 
stopper is removed and the contents of the bottle rinsed with boiling 
water into a flask of about 250^ c.c. capacity, which is placed over a 
steam-bath, together with the flask containing merely alcoholic potash, 
until the ttlcohol has evaporated. 

Into each of the two flasks is now run about 1 c.c. more seniinorma 
acid (solution b) than is required to neutralise the alkali, and the 
quantity used accurately noted. The flask containing the decomposed 
butter-fat is nearly filled with boiling water, a cork with a long upright 
tube fitted to it, and the whole allowed to stand on the water-bath until 
the separated fatty acids form a clear stratum on the surface of the 
liquid. When this occurs, the flask and contents are allowed to become 
perfectly cold. 

Meanwhile, the blank experiment is completed by carefully titrating 
the contents of the flask with the decinormal soda, a few drops of an 
alcoholic solution of phenolphthale'in being added to indicate the point 
of neutrality. 

The fatty acids having quite solidified, the resultant cake is detached 
by gently agitating the flask, so as to allow the liquid to be poured out, 
but avoiding fracture of the cake. The liquid is passed through a filter 
to catch any flakes of fatty acid, and is collected in a capacious fla^. 
If any genuine butter be contained in the sample, the filtrate will have 
a marked odor of butyric acid, especially on warming. 

Boiling water is next poured into the flask containing the fatty acids, 
a cork and long glass tube attached, and the liquid cautiously heated 
till it begins to boil, when the flask is removed and strongl)r agitated 
till the melted fatty acids form a sort of emulsion with the water. 
When the fatty acids have again separated as an oily layer, the contents 
of the flask should be thoroughly cooled, the cake of fatty acids de- 
tached, and the liquid filtered as before^ This process of alternate 
washing in the flask by agitation with boiling water, followed by cool- 
ing, and filtration of the wash-water, is repeated three times, the 
washings being added to the first filtrate. It is often difficult to get 
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tb« washings free from acid, but when ihe operation is judged to be 
complete, the washings may be collected separately and titrated with 
decinormal soda. If the amount required for neutralisation does not 
exceed 0*2 cc, further washing of the fatty acids is unnecesisary. 

The mixed washings and filtrate are next made up to 1000 cc, or 
some other definite measure, and an aliquot part carefully titrated with 
decinormal soda (solution c). The volume required is calculated to 
the whole liquid. The number so obtained represents the measure of 
decinormal soda neutralised by the soluble fatty acids of the butter-fat 
taken, pltL8 that corresponding to the excess of standard acid used. 
This last will have been previously ascertained by the blank experi- 
ment. Theamount of soda employed in this is deducted from the 
total amount required by the butter-fat quantity, when the difierence 
is the number of cubic centimetres of standard soda corresponding to 
the soluble fatty acids. This volume multiplied by the factor 00088 
gives the butyric acid in the weight of butter-fat employed. 

The flask containing the cake of insoluble fatty acids is thoroughly 
drained and then placed on the water-bath to melt the contents, which 
are poured as completely as. possible into the (wet) filter through which 
the aqueous liquid was previously passed. The fatty acids are then 
washed on the filter with boiling water to remove the last traces of 
sparingly soluble acids. The filter is then placed in a small dry beaker 
and treated in the manner described on page 51, the main quantity of 
fatty acids and the supplementary portion subsequently dissolved out 
of the flask and filter being weighed separately. 

When it is only required to determine the insoluble acids of butter- 
fat, the foregoing tedious mode of operating may be avoided by 
diluting the soap solution obtained by saponifying 5 grm. of the fat 
till it measures about 300 c.c. The large excepts of alkali is then 
neutralised by cautious addition of hydrochloric acid, and the hot solu- 
tion treated with a slight excess of barium chloride or magnesium 
sulphate. The precipitated barium or magnesium soap is well washed 
with hot water, and then rinsed off* the filter into a separator, where it 
is decomposed by dilute hydrochloric acid. The resultant layer of 
insoluble fieitty acids is washed by agitation several times with warm 
water, and is then treated as directed on page 51. 

In the analysis of butter-fat, the sum of the insoluble fatty acids by 
weight and of the soluble &tty acids calculated as butyrio acid should 
always amount to fully 94 per cent of the fat taken. In the author's 
own experience, the sum more frequently approaches or even exceeds 
95 per ceut., especially if the butter be adulterated. ' 
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The soluble fatty acids, calculated as butyric acid, should amount to 
ai least 5 per ceut., auy notably smaller proportion being probably due 
to adulteration. The insoluble fatty acids from genuine butter-fat 
rarely exceed 88'5 per cent., occasionally reaching 89 per cent., but a 
sample ought scarcely to be regarded as certainly adulterated unless 
the insoluble acids exceed 89*5 per cent. As a standard for calcula- 
tion, 88 per cent, of insoluble acids may be regarded as a fair average, 
the soluble acids being taken at 5*5 per cent. 

By long keeping, butter undergoes change in a very variable manner* 
Thus, when butter-fat b kept exposed to light for a long time, the 
proporti()n of insoluble fatty acids is decreased (see page 181), but 
when ordinary butter is kept, more or less fermentation occurs with 
development of fungi. With 8om§ samples the change is very slight, 
while in other cases the butter loses its characteristics, and the compo- 
sition of the fat is more or less changed, the percentage of insoluble 
acids being increased. The following figures are due to J. Bell : — 

Insoluble adds; original butter 87-80 87-80 85S0 87*40 87'72 87-eS 

„ after keeping 88*97 90*00 85*72 87*97 88*40 88*00 

„ difference, TS 2*20 0*22 0*67 0-M "ols 

Length of time Icept, in weeks, 12 7 7 6 S 8 

The upper part of a sample of butter, kept for six years in an 
opaque, loosely-closed jar, was found by Vieth to be extensively attacked 
by fungi, and to yield 90*9 per cent, of insoluble fatty acids. 

Tallow, lard, and most vegetable oils contain distinct traces of 
substances yielding soluble fatty acids on saponification, the propor- 
tions present corresponding to 01 to 0*5 per ceut. of butyric acid ; 
while coconut and palmnut oils yield notable quantities of soluble or 
volatile fatty acids. The acids of coconut oil soluble in water are 
chiefly caproic and capric, and hence if the neutralised solution 
of the fatty acids be concentrated, acidulated, distilled, and the distil- 
late neutralised by barium hydroxide (seepage 60), the barium sail; 
obtained will have a composition pointing to a notably higher combin- 
ing weight for the soluble fatty acids than when butter-fat is similarly 
treated. 

The bromine- and iodine-absorptions of butter-fat differ materially 
from the corresponding figures for margarine, but the distinction 
is not so sharp as in the case of the processes aJready described. A 
judiciously made mixture of coconut oil and animal fab would give an 
iodine- or bromine-absorption similar to that of butAiar*fat. 

Considerable use is made of refractometrlo examination of butter. 
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especially for the rapid sorting of numbers of samples. Various 
forms of instruments are employed, but the indications furnished by 
all of these must be checked by other methods. 

Amagat and Jean's oleo-refractometer and Zeiss' butyro-refracto- 
meter have found most favor by reason of their handioess and the 
facility in the manipulation entailed. 

Jean prepares the sample for examination in the oleo-refractoroeter 
as follows : Melt from 25 to 30 grm. of butter in a porcelain dish at a 
temperature not exceeding SO*' C. ; stir well with a pinch or two of 
gypsum and allow to settle out at the same temperature. Then decant 
the supernatant fat through a hot-water funnel plugged with cotton- 
wooly and pour it while warm into the prism of the apparatus. Stir 
with the thermometer until the fat has cooled to 45^ C., and observe 
the deviation. Ether must not be used for the solvent, as minute 
traces of it seriously influence the result. 

Genuine butter usually gives a deviation of 29 to 31. Pearmain 
has found in fifteen samples a maximum of 34 and a minimum of 25. 
The following are some observations made by Jean and Pearmain : — 



Fat. 



Margarine, No. 1 

„ No.2 

Butter with 10 per cent, of No. 2 
>» >* 2" ft w 

I* >» 30 >» it 

>f ft ^" » ft 

Cotton stearin 

Neutral ooeonat oil 

Lard 

Tallow 

Cottonseed oil 

Arachis oil 



DEoxxm. 


Obsbrvek. 


—13 to —18 


Pearmain. 


—17 


Jean. 


—28 




— -je 


ft 


—25 


tf 


—23 


ft 


—20 


ft 


—69 


ft 


—8 to —14 


Pearmain. 


—16 to —18 


ft 


+ 17 to +23 


}y 


+ 6to + 7 


»l 



De Bruyn haa observed deviation as low as — 21 fn butters having the 
normal amount of volatile fatty acids. Jean states that such abnormal 
values were found only when the cow had been fed upon linseed cake. 

A similar cause of error arises from the fact that the coloring 
matter added to butter is sometimes dissolved in a small quantity of 
cottonseed or . other vegetable oiL It must be borne in mind, also, 
that a mixture of margarine and coconut oil may be prepared, hav- 
ing exactly the same deviation as that of genuine butter. 

It is evident, from a study of the data furnished by the foregoing 
methods, that the Reichert process is by far the most reliable means 
of detecting adulteration. >^ In cases in which the Reichert-Meissl 
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value does not exceed the lowest limit of 24, it is difficult and usually 
impo8sit)Ie to determine with certainty whether the sample is or is not 
adulterated. Determination of the saponification number and specific 
gravity and examination in the oleo-refractometer may aid in some 
instances. 

Neatsfoot Oil. 

(See also page 98.) Neatsfoot oil is obtained by boiling the feet of 
oxen in water till all the oil rises to the surface. The commercial oil 
is often prepared from the feet of sheep and horses. Neatsfoot oil is 
yellow, odorless, and of bland taste. It deposits solid fat on standing. 
It does not readily become rancid and is highly esteemed for lubri- 
cating. It is largely adulterated with bone oil, fish, seed and mineral 
oils. The specific gravity at 15*6^ usually ranges from *914 to '916 ; 
some samples prepared by Ck)8te and Parry (see below) gave slighter 
higher figures. Taken at 98^-99'* C. and compared to water at 15-5* 
a sample examined by the author had a specific gravity of '8619. 
The iodine number of neatsfoot oil ranges from 66 to 72, and its 
determination will often aid in detecting adulteration. The use in 
temperature with sulphuric acid is also of value for the same purpose; 
Jean observed a rise of 77^-78^ (see also below). Mineral oils are 
detected by a determination of the unsaponifiable matter. The follow- 
ing are some results obtained by T. H. Coste and E. J. Parry from the 
examination of two samples'of oil prepared in the laboratory : — 





I. 


II. 


16*5° 
Spooifio ffrftTitr — 


•9169 • 
70 800. 

43 800. 

71-1 
1900 

trace 
96-3 


'9174 

72-4 
19-74, 
0*07 
96-5 


r*^ e'"' ••i^ 15'5° •••••• •••.••.... 

Temperatare rise and sulphnrio acid (equal toIs.) .... 
Visooflity at UO^ F. r Redwood's) 


,f „ 200® F. (Tifioosimeter) 


Iodine number 


Percentage of KHO for saponification 


Free acid (KHO required) 

Insoluble fatty acids (Hehner's method) 





The mixed fatty acids from the above gave the following figures : — 





r. 


11. 


Specific eravity ^ ^ 


•8742 

•746 
2012 
279 
29*2 


•8800 

•768 
2006 
280 
28*6 


Iodine number 


Percentage of KHO for neutralisation : . 


Mean combining weight 


Melting point 
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The solidifying point (titer test) of a sample examined by Lew- 
kowitsch was 261-26*5''. 

Egg Oil. 

The oil of egg is obtained from the yolk of hard-boiled eggs 
either by pressure or by solvents. Data have been furnished by 
several observers. Column A shows the results obtained by Paladino 
and Toso (Analyst^ 1896, 161) from the oil extracted by moderate 
heating and pressure. Results in column B were given by Kitt from 
oil obtained by ether-extraction : — 

A. B. 

Specific grayity, 0*9156 (at ^O"*) 0'9144 (at IS"") 

Saponification-eqnivaleDt, . . 300-303 294*9 (mean) 

Iodine number, 81*2-81*6 72*1 

Beichert-Meiasl Dnmber, . . ... 0*4 

Qlyoerol, per CMit., ... 10*4 

Cholesterol, per cent., . ... ... 1*6 

Melting point, ....... 22*0«-22-5*> 

Solidifying point, a 8-0*»-10-0** 

Mixed Fatty Acids. 

Melting point, 34*6®-350<» 36-0«-39'0* 

Saponification number (mean), ... 194*9 

lodino number (mean), ... ... 73*7 

Codliver Oil. 

French — Huile de foie de morue. Oerman — ^Leberthran^ 

(See also pages 100 and 122.) Strictly speaking, codliver oil is the oil 
obtained from the liver of the cod, Oadus marrhiui. Other species of 
Oadus and of the Oadidfz family, such as the ling, cod-fish, dorse, 
hake, haddock, and whiting, yield a closely analogous oil. 

Several qualities of codliver oil are recognised in commerce : — pale, 
used only in medicine ; light brown, an after-yield, of inferior quality, 
but still largely used in medicine; and dark brown, or tanners' oil, 
obtained by roughly boiling down the livers remaining from the fore- 
going processes. 

The purest codliver oil has a pale yellow color, and is never quite 
colorless unless artificially bleached. It is limpid, has a slight odor 
and taste, and a faint acid reaction. If prepared at a high tempera- 
ture, or if the livers be allowed to partially putrefy, the acid reaction 
is more decided and the color pale or dark brown, the darkest 
varieties being transparent only in thin layers, and having a repulsive, 
fishy odor, and bitterish acid taste. ^ 
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The following are the physical characteristics of different qualities 
of codliver oil, according to DeJongh : — 





18T QUALITT. 


2nd Qoality. 


3rd Quality. 


Color 


Golden yellow. 

•923 
Deposits solid 
fet. 

40 

22-30 


Pale brown. 

-924 

31-36 
13 


Dark brown ; 

greenish by ; 

transmitted 

light, 
•929 
Deposits no 

solid fat. 

17-20 
17-20 


Specific gravity at 17"5® C 


Behayior when cooled to —13° C. 

Parts of absolute alcohol required f 

for solution *..... Cold ) 

„ „ „ BoUing 



The composition of codliver oil is very complex. Oleiirsppears 
to be absent. Besides palmitin and stearin, Heyerdahl noted the pres- 
ence of 20 per cent, of jecolio acid and 20 per cent, of therapic acid. 
The author has also observed the presence of a sensible quantity of 
cholesterin and of volatile fatty acids. The latter, however, appear 
to be secondary products, due to putrefactive changes in ihe livers. 
The best oils prepared by the use of steam are free from volatile acids. 
Graduic acid was obtained by Luck from the deposit from a light- 
brown oil, and, when recrystallised from hot alcohol, melted between 
63^ and 64^ 

The following bases have been isolated from codliver oil: butyl- 
amine, isoamylamine, hexylamine, dehydrolutidine, morrhuine, and 
aselline. Trimethylamine, derived probably from the decomposition 
of the liver tissue, has also been detected. 

The presence of biliary compounds, as stated by earlier investiga- 
tors, is now denied. 

Codliver oil contains traces of iodine, and sometimes of bromine, 
but the form in which these elements exists is unknown. The propor- 
tion of iodine, judging from the statements of different investigators,, 
is very variable. The question has been reinvestigated by E. C. 
Stanford, who found the proportion of iodine to be extremely 
minute, ranging from *138 to *434 mgrm. per 100 grm., with an 
average of '322. The proportion in the flesh of dry cod-fish and her- 
rings is considerably larger than in codliver oil. It is impossible t& 
attribute the medicinal value of codliver oil to the trace of iodine 
present ; its chief recommendation for medicinal use is probably the- 
facility with which it is digested and assimilated. 
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The following are analytical results obtained from the mixed fatty 
acids of codliver oil : — 

Solidifying point (titer test), 



Medicinal, 


17-5^- 18-4*» C. 


(LewkowitBch.) 


Coast cod, 


1ST- 19-3*». 


»» 


Norwegian, 


13-3*»- 13-9*». 


tt 


Dark an racked, 


22-5«»- 24*3*». 


It 


Melting point, 


21* -25^ 


(Parry and Sage.) 


Saponification value 






(mgrm. KHO), 


204-207. 




Iodine value. 


130-170. 




Refractive index, 


1-4521. 


(Thoemcr.) 



Examination of Codliver Oil. 

Codliver oil to which iodine or compounds of iodine have been pur- 
posely added is now employed in medicine. These additions are dis- 
solved on agitating the oil with alcohol, and can be detected in the 
spirituous solution by the usual tests. The ash left on igniting natural 
codliver oil contains no trace of iodine, but if an iodide has been added 
it will be found in the incombustible residue. The usual proportion of 
iodine in iodised codliver oil is about 0*1 per cent. 

A ferrated codliver oil is also employed, containing about 1 per 
cent, of ferrous oleate. 

Good viedicinal codliver oil should deposit no stearin at 0^ C. 
{Pharm. Oerm.), but a granular crystalline deposit is often produced 
on cooling oils of the lower qualities. 

The Briiiah Pharmacopeia describes codliver oil as pale yellow, with 
a slight fishy odor, and a bland, fishy taste. It states that it is the oil 
extracted from jthe fresh liver of the cod, Gadua morrhua, without 
giving any test by which it can be distinguished from allied oils. 

As previously stated, the " codliver oil " of commerce is in practice 
obtained from several members of the Oadidce^ or cod family ; and, as 
long as it is produced from these fish solely, little exception can be 
taken. The livers of various other fish are, however, apt to be em- 
ployed, and the detection of the substitution is very difficult. 

According to Salkowski, a good codliver oil should not have a higher 
Reichert value than 0*20. A higher figure would indicate that the 
oil had been prepared from livers that had undergone putrefaction. 
The iodine absorption is also a useful criterion of the quality of a cod'^ 
iver oiU those obtained from decayed livers ahowing lower values. 
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Oil. 


SpBcmc Obayity 
AT 16-fl» C. 




Before stirring. 


Alter atirring. 


Codliver 


•9290 
•9270 

•9327 

•9286 

-9326 
•9284 
•9246 

•9301 


Violet, qoiokly be- 
ooming roee-red. 

Dark riolet, ohang- 
ing to dark brown. 

Light Tiolet, ehang- 

ing to brown. 
Light browA, with 

spQtt of red. 
Brown. 
Light brown. 
Light brown. 

Light brown. 


Bo0e-red, changing 
to light brown. 

Brownish Tiolet, 
changing to light 
brown. 

Brownish violet 
changing to brown . 

Light brown, becom- 
ing darker. 

Darker brown. 

Unchanged. 

Leinon-Tellow, rapid- 
\j changing to 
emerald-green and 
bluish green. 

Darker. 


Hako-lirer 


Skate-liyer 


Shark-IlTor 


Herring 


Sorat 


sSr...::..: : 

Whalo 





The specific gravity of codliver oil varies from '922 to "930 at IS'S"^, 
the darker varieties being generally the heaviest. The oil from 
fish allied to the cod is sometimes of a slightly higher specific gravity. 
Thus, that prepared in Grimsby from a miztare of the livers of cod, 
haddock, ling, and whiting, has a specific gravity of '930; while the 
product obtained in Aberdeen froixi haddock livers has a specifie 
gravity of *931, is somewhat less viscous, and develops more heat with 
sulphuric acid than the other varieties of codliver oil. 

Samples of codliver and other fish oils prepared by the Normal 
Company, Aberdeen, were found in the author's laboratory to have 
the specific gravities stated in the table on the preceding page, and to 
give the colorations described when two drops of a mixture of equal 
measures- of concentrated sulphuric and nitric acids were added to 20 
drops of the oil, on ^ white surface. From the figures it is evident 
that the specific gravity affords no reliable indication of the presence 
of other fish oils in codliver oil. 

Codliver oil is remarkable for the great increase of temperature 
produced by treating it with sulphuric acid (page 77), and for its high 
iodine-absorptiop. These characters distinguish it from most other 
oils except liver oils. 

Codliver oil gives a fine violet coloration, or a dark red spot with 
violet streaks, when treated with strong sulpliuric acid as described 
on page g5. The color subsequently changes to reddish brown. The 
xeaction is distinctly produced by codliver oil, but is common* with 
modifications, to all liver oils. 



FIXED OILS AND FATS. 199 

For the detection of other liver oils in codliver oil, M. Boudard 
employs pure fuming nitric acid, which is said to produce a beautiful 
rose-red coloration with pure oils, but not with mixed oils. H. Meyer 
proposes to distinguish the oil from the liver of the true cod from that 
yielded by allied fishes by mixing 10 parts of the sample with 1 of a 
mixture of equal partsof strong sulphuric and nitric acids (compare 
table on page 196)^ Codliver oil turns a fiery rose, changing quickly 
to a lemon-yellow. The oil from the ''haakjaerring" also turns 
to a rose, but changes to a brownkh violet. The oils from other 
OadidcR give a yellow color of less pure tone than is yielded by true, 
cod oil. Oil from the French roach gives a chestnut- brown colora- 
tion, while the oil from the Mediterranean roach turns a dark violet 
M. Cailletet employs a mixture of 12 parts of phosphoric acid of 
1*44, 7 of strong sulphuric acid of 1*84, and 10 of nitric acid of 1*37 
specific gravity ; 1 c.c. of this mixture is agitated for some seconds 
with 5 C.C. of the oil, and then 5 cc. of petroleum spirit added to dis« 
4)0lve the oil. Codliver oil shows after twenty-four hours a well-defined 
yellow color. All other fish oils give a marked brown. tint, except 
ray-liver ail, which invariably takes a red color. The last-named adul- 
terant is said to be very common, and is difficult of detection. 

Excessive amount of unsaponifiable matter may point to adultera- 
tion either by mineral oil or shark-liver oil. 

Befined seed ail has been extensively used as an adulterant of cod- 
liver oil. According to J. L. Bossier, codliver oil gives with aqua- 
regia a dark greenish-yellow liniment, which becomes brown in half 
an hour, while white seal oil, or a mixture of equal parts of seal and 
cod oils, gives merely a pale yellow liniment. The presence of seal 
oil may be inferred from the altered figures obtained on determining 
the saponification-equivalent, bromine-absorption, and rise of tempera- 
ture with sulphuric acid. A factitious codliver oil, composed of 30 
per cent, of white seal oil and 70 per cent, of Japanese fish oil, has 
been described by Krieger. 

Most aeed oils can be detected in codliver oil by their peculiar 
absorption-spectra, the spectrum of codliver oil being almost identi- 
cal with that of almond oil. Almond oil itself, as also the more prob- 
able adulterant, lard aU, would be detected by the diminished specific 
gravity and iodine-absorption of the sample, and by its altered 
behavior with sulphuric and nitrous acids. 

Bay- liver Oil, obtained from the Raja baiis^ has been proposed 
as a substitute for codliver oil. It is bright or golden yellow in color, 
has a specific gravity of '928, is neutral in reaction, and has a slightly 
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fishy odor and taste. It darkens but little under the influence of 
chlorine, and is said to give an odor of valeric acid when heated with 
a solution of caustic alkali. 

Shark-liver Oil. Shark Oil. 

Fretich — Huile de requin. Oerman — ^Haifischolj Haileberthran. 

(See also pages 100 and 122.) The shark oil known in commerce 
is chiefly obtained from the liver of the basking shark or sunfish 
(^Sgualus maxirmui), chiefly caught off the coast of Norway, but the 
dogfish and several allied fish also contribute to it, 

Shark oil has been largely employed in tanneries and as a substitute 
for codliver oil, but in England it is now almost disused. 

Owing to frequent adulteration, the physical and chemical charac- 
ters of shark oil have been misstated by many authorities. Thus it is 
commonly alleged to be of very low specific gravity, a character in 
all probability really due to the presence of a large proportion of 
mineral oil or similar adulterant, which addition caused the saponified 
sample to yield large ether-residue (page 114). Whether or not these 
oils of low specific gravity were uniformly adulterated is no longer of 
much practical interest, as oil of such character is not now to be met 
with. The "shark oil" usually indicated 40^ to 42^ on Casartelli's 
oleometer, and the analogous ** African fish oil " 48^ to 50° (see foot- 
note, p. 204). 

The author has examined a number of specimens of shark-liver oil 
which there is reason to believe genuine. Whilst throwing doubt on 
older statements, the results show that shark oil is peculiar in yielding 
a very notable proportion of unsaponifiable matter, consisting in great 
part of cholesterol. If the sample be saponified in the usual way, and 
the aqueous solution of the soap agitated with ether, the separated 
ethereal layer leaves on evaporation a nearly colorless crystalline mass, 
which, if dissolved in boiling alcohol, deposits abundant plates of 
cholesterol, which yield the characteristic color-reactions. 

The following results were obtained in the author's laboratory by 
the analysis of six specimens of apparently genuine shark-liver 
oil:- 





1. 
Japanese 


2. 
Crude. 


3. 
Refined. 


4. 


5. 


6. 


Specific gravity at Ib'b^ G. 
Percentafce of KHO required 
=Sapon ification -equivalent 
Ether-residue; per cent. .. 


•9260 
17-73 
316-4 
2-82 


•9185 
16-96 
330-8 
•8-70 


•9285 
19-76 
283-9 
0-70 


•9143 
15-3, 

366-9 
10-25 


•9136 

14-0 

400-0 

. 17-30 


•9113 
140 

400*0 
10^34 
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With concentrated sulphuric acid Nos. 1 and 3 samples gave a red- 
dish-brown spot with violet edges, the whole changing on stirring to 
reddish brown. Nos. 2, 4, 6, and 6 agreed in giving a bright-violet 
spot changing to blood-red ; on stirring, the whole became a magnifi- 
cent violet color, changing rapidly to dark red and brown. 

The ether-residues from these samples, varying from 0*7 to 17*3 per 
cent., were highly crystalline, and chiefly composed of cholesterol. 
The variations in the specific gravity of the samples follow closely the 
proportions of ether-residue. If the percentage of potash be calculated 
on 100 parts of the oil actually saponified, and not on 100 parts of the 
sample including the unsapouifiable matter, the proportion is found to 
range from 17'0 to 19*6 per cent, and the corresponding saponification* 
equivalents from 330 to about 282. 

It is of interest to compare these results with those obtained by the 
analysis of samples of presumably adulterated shark oil : — 





A. 


B. 


C. 


African Fish Oil. 


Specific gravity at 1 5-5® 

Percentage of KHO required . . 
Ether-residae 


•8746 
69-9 


•8692 

4-50 

80-8 


'8661 

6-50 

83-6 


vSC72 
82-8 





The ether-residue was generally of a bright-yellow color like the 
original oil, remained quite clear on cooling, and volatilised somewhat 
readily. A further examination was made of the ether-residue from 
sample B, which was free from nitrogen and nearly free from oxygen. 
It gave when heated an unmistakable odor of pine resin; and appeared 
to be a mixture of light rosin oil with shale or petroleum lubricating 
oil. With concentrated sulphuric acid, B gave a reddish-brown 
coloration, becoming darker on stirring. 



Whale Oil. Train Oil. 

French — Huile de baleine. Oermatt — Thran. 

(See also pages 100 and 122.) The product known in commerce as 
whale oil is derived from the blubber of various members of the 
whale tribe. The Greenland or "right" whale (Balcena mysiicetus) 
is the chief of these. It inhabits the polar seas of both hemispheres, 
and yields the product properly termed "train oil," though that term 
is now extended to the oil from the blubber of any marine mammals, 
including seals. The polar whale (£ glacialia), the humpback whale 
(BdUEnopiera boops), and the finner {Bahenoptera Gibhar) also inhabit 
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the northern seas ; while the Cape whale (Balana antarciica), the 
black whale {Balcsna aiutralia), and a number of allied species are 
found in the southern. The oils from the different species of porpoise 
present a strong resemblance to ordinary whale oil, while, on the other 
hand, the oils from the cachelot and doegUng, and probably from other 
toothed cetaceans, are essentially different both in their chemical con- 
stitution and practical applications, and hence are described in another 
section (page 204). The oil is usnally extracted by boiling the blub- 
ber with water, and skimming the oil from i,ne aqueous liquid and 
refuse tissue. 

Whale oil is ordinarily a brown or brownish-yellow liquid, having a 
marked and offensive "fishy" smell a«d taste, but by suitable treat- 
ment these peculiarities can be greatly reduced. When subjected to 
cold some varieties of whale oil readily deposit pal mi tin, which is 
sometimes used for soap- making, though the odor of the product indi- 
cates it3 origin. 

The chemical constitution of whale oil is very variable. Some 
varieties, especially the southern product known in commerce as Bahia 
whale oil, exhibit strongly- marked drying properties. Some speciraena 
of whale oil are nearly free from esters of lower fatty acids, while in 
others these are present in very notable proportion. The most char- 
acteristic and abundant of these is valerin, and the very variable 
proportion which may be present is indicated by the figures on page 
59, showing the behavior of the saponified oil when acidulated and 
distilled. Other figures indicating the comparative constitution of the 
oils from marine mammals are given on page 122. 

Observations on the mixed fatty acids of whale oil have been made 
as follows : — 



Specific gravity at 100« C. 






(water at 100*>=1), 


•8922. 


(Archbutt.) 


Solidifying point (titer test), 


22-9^-23-9°. 


(Lewkowitsch.) 


Melting point, 


27°. 


(Jean.) 


>» >» 


14*>-18« 


(Schweitzer and Lungwitz.) 


Iodine absorption, 


130-3-132. 


«> >f 



Whale oil is little liable to adulteration, except with seal oil and 
hydrocarbon oils; the presence of hydrocarbon oil can be detected and 
the proportion determined as described on page 112. 

Porpoise Oil. 

French — Huile de marsouin. Oerman — Meerschweinol. 
(See also pages 100 and 122.) Commercial porpoise oil is derived 
not only from the black porpoise {Delphinus phocoena), usually caught 
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off the coast of Denmark and in the Mediterranean and Black 
Sea near Trebizond, but also largely from the white whale (Beluga 
eatodon), caught in the White Sea, the St. Lawrence, and on various 
parts of the Canadian coast. The oils from the grampus (Phoccena 
orca) and the various species known as black fish, especially Olobi- 
cephalua macrarhyneusy also rank as " porpoise oil." 

Porpoise oil is prepared in much the same manner as whale oil. In 
some instances, oil of a superior quality drains from the blubber at 
the ordinary temperature, but the greater part is obtained by boiling 
the tissue with water. In the case of the cetacean last named a very 
fine, limpid product termed *' melon oil," used for lubricating delicate 
mechanisms, is obtained from the head. It is probably analogous to 
sperm oil. 

Porpoise oil presents a general resemblance to whale oil, but is 
usually less offensive. It has considerable drying tendencies, and by 
keeping and exposure increases notably in specific gravity. A sample 
examined by the author had originally a specific gravity of '920, but 
after keeping for three years two portions of the same oil preserved 
under different conditions had respective specific gravities of *926 and 
•932. 

Porpoise oil is remarkable for containing a considerable proportion 
of valerin. A sample examined in the author's laboratory yielded 
5'06 per cent, of volatile fatty acids, having a mean combining weight* 
of 104*7 (QHioOt = 102). Chevreul, who was the original discoverer 
of valeric acid, which he isolated from porpoise oil and called *' pho* 
cenic acid," prepared barium salts of volatile fatty acids equivalent to 
9*63 per cent, of valeric acid, so that the composition of the oil is 
evidently very variable. From a sample of dolphin oil (from Delphinus 
globieeps)y Chevreul prepared barium salts corresponding to 20 6 per 
cent of valeric acid, besides a considerable proportion of spermaceti. 
Hence dolphin oil appears to be intermediate in composition between 
sperm oil and porpoise oil. 

Owing to its peculiarity of constitution, porpoise oil has a low 
saponification-equivalent (255-256) and gives a very acid distillate 
by Reichert's test (page 59). It is saponified with great facility 
even by aqueous potash, the product being colored reddish brown. 
With the elaidin-test porpoise oil gives but little solid ela'idin. Other 
characters are given on page 100. 

Moore obtained aKeichert value of 56 and Steinbuch a Reichert- 
Meissl value of 131-6 for porpoise-jaw oU. Samples of porpoise-jaw 
oil also gave iodine absorptions of from 30'9 to 76 8 per cent. 
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Sperm Oil. 

French — Huile de cachelot. Oerman — ^Wallratbol. 

(See also pages 101 and 122.) Sperm oil proper is obtained from the 
head-cavities and blubber of the cachelot or sperm whale (Phyader 
macracephahui). Several other of the toothed whales yield allied 
products, and the oil from one of these, namely, the doBgling, or 
bottlenose whale, is known under the name of ''Arctic sperm oil." 

Sperm oil on cooling readily deposits crystalline scales of spermaceti. 
This is removed -by filtration, but unless the operation be conducted 
at a very low temperature a portion of the wax is liable to remain in 
solution. 

Sperm oil is a thin yellow liquid, and when of good quality is 
nearly free from odor. Inferior specimens have an unpleasant fishy 
smell and taste. Its specific gravity is very low, ranging between 
•876 and -884 at 15-5^ C* 

Sperm oil is one of the most valuable oils in commerce. It has 
been found preferable to any other oil for lubricating the spindles of 
cotton and woollen mills, and for light machinery generally. 

Sperm oil owes its value as a lubricant largely to its having little or 
no tendency to gum or become rancid, and to the comparatively slight 
change in viscosity produced by an increase of temperature. 

If the oils from the allied toothed cetaceans be excepted, sperm oil 
has a unique constitution, since it consists essentially of esters of higher 
members of the methyl series. 

Some indication of the peculiar composition of sperm oil was given 
in 1823 by Chevreul. Chevreurs observation seems to have been 
wholly forgotten until the author some years since called attention to 
the unique constitution of sperm oil. 

Sperm oil gives on saponification products very difierent from those 
yielded by ordinary oils. When saponified with potassium hydroxide 
it forms potassium oleate and dodecatyl alcohol and some allied bodies. 
By agitating the aqueous solution of the resultant soap with ether, the 
higher alcohols are dissolved, and may be recovered by evaporating 
the solvent. The fatty acids may be isolated by acidulating the soap 
solution. Very little glycerol can be isolated after saponification, 
though the presence of a small proportion is indicated by the perman- 
ganate method. 

^ Dealers in sperm and similar oils commonly use a special hydrometer, devised by 
Cksartelli, on the scale of which water is 0^, and rape oil 28*'. Sperm oil stands at 44* 
to 46® and southern whale oil at aboat 24° on the same seal*. 
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The higher alcohols, isolated in the above manner, form a pale 
yellow solid semi-crjstalline substance, the melting point of which 
depends on the completeness with which the oil had been previously 
purified from spei'maceti. They are insoluble in water, but readily 
soluble in alcohol and ether, and are volatile apparently without 
change in a vacuum, condensing as a perfectly colorless liquid, of *830 
specific gravity at 100^ C, which solidifies on cooling to a crystalline 
mass. The ether-residue from sperm oil is apparently a mixture of 
homologous alcohols, some specimens having given the author, on 
combustion, figures corresponding approximately to the formula 
CisHuO, and others to CnHaeO. Probably both these alcohols, 
together with varying proportions of their homologues, are actually 
present. 

The fatty acids from sperm oil have all the characters of an acid of 
the oleic series mixed with one of the stearic series. They are liquid, 
or nearly so, when cold, have a specific gravity of '899 at 15*5^ C, 
are readily solidified by nitrous acid, and have a mean combining 
weight ranging from 281 to 294. 

Lewkowitsch has found their solidifying point (titer test) to be 
11*1 ^-11-9^ and the iodine absorptions from 83*2 to 85*6 per cent 

Examination of Ck)MM£RCiAL Sperm Oil. 

The peculiar physical characters and chemical constitution of sperm 
oil afford ample means for its detection and determination in presence 
of other oils. This is important, as the high price of sperm oil renders 
it liable to be mixed with or replaced by other oils. 

Adulterants of sperm oil, with the exception of bottlenose oil, may 
be detected by a careful application of the following tests : — 

The specific gravity of sperm oil averages '878, and never exceeds 
'884. If lower than the latter figure the possible adulterants of the 
sample are hydrocarbons and shark oil, the latter itself largely adul* 
terated with hydrocarbon oil. 

The viscosity of the sample should be compared with that of a gen* 
uine specimen (see " Viscosity "). The observation should be^made at 
three temperatures at least, 15^ C, 50^ C, and 100^ C. being suitable* 
Any admixture will be shown by the more rapid change in the vis- 
cosity of the sample by increase of temperature. At the ordinary 
temperature, sperm oil has a lower viscosity than any other non 
drying fixed oiL 

The determination of the saponification-equivalent of the sample 
furnishes a valuable means of detecting fatty oils. As 100 parts of 
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sperm oil neutralise only from 12*3 to 14*7 parts of potassium by 
droxide, while, nearly all other oils require from 17'0 to 19'7 parts* 
the proportion of foreign fatty oil in sperm may be approximately 
ascertained by the equation — 

F = (P — 13-2) X 18-5, 

in which P is the percentage of potassium hydroxide required to 
saponify the sample, and F is the percentage of foreign oil. 

The nature and determination of the saponification -products afford 
the most satisfactory means of detecting adulterations of sperm oil, 
which, when genuine, yields from 60 to 63 per cent, of insoluble fatty 
acids, and 39 to 41*5 per cent, of ether-residue consisting of higher 
alcohols. No other animal or vegetable oil except shark-liyer oil, and 
oils from allied Cetacea (e.g., bottlenose oil), is known to yield more 
than 2 per cent, to ether, and, with few exceptions (e.^., porpoise oil 
and some varieties of whale oil), all other fixed oils yield fully 95 per 
cent, of insoluble fatty acids, and from 10 to 12 per cent, of glyc- 
erol. Hence, in a case of adulteration of sperm oil with any other 
fatty oil, estimation of the ether-residue will detect the admixture and 
determine the proportion. Thus, pure sperm oil yielding an almost 
constant proportion of 40 per cent, of ether-residue, a mixture con- 
sisting of equal parts of sperm and some other oil, will give but 20 
per cent, of residue. In other words, the percentage of real sperm 
oil in the sample may be ascertained with considerable accuracy by 
multiplying the percentage of ether-residue by 2'5. Some specimens 
of shark-liver oil yield a considerable proportion of ether-residue, and 
hence if shark oil be present the ether process will be rendered inac- 
curate. Genuine shark-liver oil has a comparatively high specific 
gravity, '911 to *929, and has a very high halogen-absorption, besides 
giving a well-marked violet coloration and great increase of tem^ra- 
ture with strong sulphuric acid. 

The foregoing process, if used without discretion, would fail in the 
case of a mixture of mineral oil and a fatty oil in certain proportions, 
but a careful consideration of the results and further examination of 
the products will allow of such a mixture being readily distinguished 
from sperm oil. Thus from an inspection of the figures in the follow- 
ing table it appears that while the saponification-products yielded by 
sperm oil would be approximately simulated by those given by a judi- 
cious mixture of mineral oil with rape oil, in the latter case the sum 
of the fatty acids and ether-residue would be several units less than 
100, and there would be a notable proportion of glycerol produced* 
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Besides, the ether-residue would be insoluble in cold rectified spirit, 
and to obtain a mixture of the same specific gravity as sperm oil, so 
very light a mineral oil would require to be used that it would neces- 
sarily be liquid, even at 0^ C, and would have so low a flashing point 
that it could without difficulty be detected in, and even distilled out 
of, the original oil or the ether-residue. Sperm oil does not flash 
below 260^ C. 





rKODUCTS or TMK SAPONIFICATION OF 100 PARTS OF OiL. 


Fattj>^cld». 


Glycerol. 


Ether-residue. 


Percentage. 


Characters. 


Sperm oil , 

Ordinary fixed oils' .... 
Mineral oil 


60 to 64 

95 to 90 

none 

57-6 


none 

.10 to 11 

none 

C 


3-9 to 415 

•5 to 1-5 

100 

40 


Solid; soluble in spirit 

Liquid; insoluble in 

spirit. 
Liquid ; insoluble in 

spirit. 


Rape oil, 60, ) 
Mineral oil, 40, i '*" 



The color-reaction with sulphuric acid (page 85) is often a useful 
test for the purity of sperm oil. The genuine oil gives a brown col- 
oration, becoming somewhat darker with a tinge of violet on stirring. 
Shark-liver oil gives a well-marked violet color when tested in the 
same manner, the tint changing to red or reddish-brown on stirring. 

DcEOLiNO Oil. Bottlenose Oil. 

(See also page 101.) Several species of toothed cetaceans yield an 
oil analogous to that obtained from the cachelot or sperm whale. The 
chief of these in economic importance is the product from the dangling 
or bottlenose whale (Hyperoodon roairaiua)^ which is known in com- 
merce as ''Arctic sperm oil." 

Bottlenose oil deposits more or less spermaceti when cooled, but the 
yield is not nearly as large as that obtained from the head-matter and 
oil of the sperm whale, though of good quality and high melting point. 
Bottlenose oil oflen has a more or less unpleasant odor, but this 
peculiarity, together with the small proportion of free acid present in 
the crude oil, can be removed to a great extent by agitation with a 
solution of sodium carbonate, or by analogous treatment. The refined 
oil is straw yellow. 

^ There hu been much confusion respecting the bottlenose, at least eight different 
whales and dolphins having been designated by that name. 
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The chemical constitution of doBgling oil was first pointed out hj 
Scharling (Jour, f, Pract. Chem., 1848), who found it to consist essen- 
tially of the ester of a higher monatomic alcohol, dodecatyl doBglate^ 
CuHtt.Ci9HsBOs, and hence to yield on saponification dodecatyl alcohol 
and doeglic acid. Further investigation on this point is desirable. 

Dodecatyl alcohol, CuHjs.OH, has been described under sperm oil. 
The crude product obtained from bottlenose oil by the writer, by 
agitating the aqueous solution of the saponified oil with ether and 
separating and evaporating the ethereal solution, has similar char- 
acters to the product obtained in a similar manner from sperm oil. 
The colorless alcohol, or mixture of homologous alcohols, obtained by 
•distilling the ether residue in vacug, was found by the author to melt 
at 19^ C, and to have an ultimate composition agreeing closely with 
■the formula CisHmO. The undistilled portion had a higher melting 
point. 

Dosglie add, Ci»HseOs, is the next higher homologue of oleic acid, 
which body it closely resembles. It is liquid at ordinary tempera- 
tures, and is converted into solid doeglaidic acid by treatment with 
nitrous acid. Specimens of fatty acids prepared by the author from 
several specimens of bottlenose oil have been found to have a specific 
gravity of *896, their combining weights ranging from 275 to 294. 
An acid with 19 carbon atoms would have a molecular weight of 296, 
while that of oleic acid is 282. 

Bottlenose oil presents the closest resemblance to sperm oil. In its 
specific gravity (*876 to *881), viscosity, solubility in acetic acid, 
saponification-equivalent, and behavior with strong sulphuric acid 
and the ela'idin-test, it presents no tangible difi*erence from sperm oil. 
On saponification it yields from 61 to 65 per cent, of fatty acids, and 
from 37 to 41 per cent, of ether-residue, in this respect simulating true 
sperm oil in the closest manner. Lewkowitsch gives figures for the 
mixed fatty acids as follows: Solidifying point (titer test), 8*3^- 
8-6^; melting point, 10*3^-10 8^ ; and iodine absorption, 82-2-83-3 
per cent The only differences observed by the author in the course 
of a series of very careful comparative examinations of sperm and 
doegling oils have been the slight tendency of the latter to gum or 
thicken on exposure, and the somewhat higher melting point of the 
fatty acids from sperm oil. In commerce the two oils are distinguished 
by their taste. 
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Spermaceti. 

French — C^tiDe; blanc de baleine. Oerman — Wallrath. 

(See also table on p. 102.). Spermaceti exists in solution in the 
oil from the sperm whale, bottlenose whale, dolphin, and allied 
cetaceans, but not in the oil from the whalebone whales. It is 
present most abundantly, in the oil from the head-cavities, and is 
commonly stated to be a special product thereof. This is an error, the 
oil from the blubber also depositing spermaceti on cooling, and in 
practice the head and blubber oils are treated together. 

Crude spermaceti forms crystalline scales of a yellowish or brownish 
color. It is purified by fusion, pressure, and boiling with a solution 
of potash, to remove adhering oil and neutralise traces of acid. In 
practice, the complete removal of the oil is not aimed at, as a small pro- 
portion is found to confer desirable properties on the product. It is 
then re-melted and cast into cakes. 

As thus obtained, spermaceti is a snow-white or transparent body of 
marked crystalline structure. It fuses at 43^ to 49^ C The specific 
gravity at the ordinary temperature is commonly between '942 and 
'946 ; but varying statements are made, probably owing to difficulty 
Attending the determination, in consequence of crystalline structure 
of the substance. Much more reliable determinations can be made of 
the specific gravity in the molten condition, which ranges between 
•808 and -812 at a temperature of 98° to 99'' C. 

Spermaceti is insoluble in water, but dissolves in .boiling alcohol, 
ether, chloroform, carbon disulphide, and fixed and volatile oils. Cold 
alcohol dissolves the adhering oil only. From its solution in hot 
alcohol or ether it separates in crystalline form, and, after repeated 
purification in this manner, the melting point reaches to 53*5^ C, and 
the crystals consist of pure cetin. 

Cetin or Cetyl Palmitate, CieHjj.O.CeHjiO, is the chief con- 
stituent of spermaceti, which, in addition, contains certain homologous 
ethers. Thus, on saponification it yields : — 



Laurie, CuHj^Oj 

Myristic, ......... Cj4H280, 

Palmitic, . • . ^ CuHjjOj 

Stearic, CibUwOj 



Alcohols. 

I^ethal, or dodecatyl alcohol, CjaH^sO 
Methal, or tetradecyl alcohol, CiiHjoO 
Ethal, or cetyl alcohol, . . . CjcUj^Oj 
Stethal, or octadecyl alcohol, CigHsgO.^ 



. 1 The figure oommonly stated as the melting point of spermaceti really refers to the 
•olidifying point as determined by the titer test. The spermaceti from bottlonoso oil 
melts at a sensibly higher temperatare than that from true sperm oil. 
VOL. II.— 14 
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Cetyl Alcohol, Ci6Hu.0H, may be obtained in a state of approx- 
imate purity by saponify ing spermaceti previously crystallised froia 
hot alcohol. On evaporation of its ethereal solution, cetyl alcohol 
remains as a white or yellowish -white, tasteless, odorless, crystalline 
mass, melting at 49'5^ C. When carefully heated it distils without 
decomposition at about 400^ C, and is volatile with the vapor of 
water. It is quite insoluble in water, but readily soluble in alcohol, 
ether, and petroleum spirit. 

When heated with potash-lime to a temperature of 250^ to 280^ C, 
cetyl alcohol is converted into potassium palmitate, with evolution of 
hydrogen. 

' Cetyl alcohol heated with glacial acetic acid forms cetyl acetate, 
CieHss.C2H302, a crystalline body melting at 22^ to 23^, and boiling 
at 200° under a pressure of 15 millimetres. 

The proportion of potassium hydroxide required for the saponifica* 
tion of spermaceti is about 12*8 per cent., corresponding to a saponifi- 
cation-equivalent of 438. The molecular weight of cetyl palmitate is 
480, and hence these figures point to the presence of a notable pro- 
portion of lower homologues of palmitic acid, such as have been 
proved by other means to exist in spermaceti. 

On saponification, agitation of the aqueous solution of the resultant 
soap with ether, and subsequent decomposition of the soap solution 
with an acid, the author found a sample of spermaceti to yield — 

Higher alcohols, melting at 47 '6° C, . 51*48 per cent. 

Fatty acids, mean combining weight, 231*4, 52*06 ,, 

Pure cetyl palmitate would yield, theoretically : — 

Cetyl alcohol, melting at 49 '5° C, 50*41 per cent 

Palmitic acid, combining weight, 256, 53*33 ,, 

Commercial Spermaceti. 

Spermaceti is liable to turn yellow and rancid on exposure to air. 
Hehner found two out of three samples to be wholly devoid of free 
acid, while the third had an acidity corresponding to 0*81 per cent of 
free palmitic acid. The behavior on saponification, together with its 
physical characters, amply suffice to identify spermaceti and to detect 
any admixture. 

Spermaceti is somewhat liable to adu-lteration, — stearic and palmitic 
acids, stearin, tallow, and paraffin wax being possible additions. 

According to the German Pharmacopeia, 1 part of spermaceti 
should be completely dissolved by 40 parts of boiling rectified spirit 
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(absence of fats) ; after cooling the solution and filtering from the crys- 
talline mass, the filtrate should not have an acid reaction, and should 
yield at most but a slight precipitate on addition of water (absence of 
fatty acids). On repeating the boiling after the addition of 1 part of 
dry sodium carbonate, the cold filtrate, on being acidulated, should 
merely become turbid. 

Palmitic and stearic acid will be detected and determined by 
estimating the free acid of the sample, by titration with standard 
alkali and phenol phthale'in, any proportion of acid less than 1 per 
cent, being neglected. An admixture of beeswax would somewhat 
increase the acidity of the sample. Added fatty acids may also be 
detected by melting the sample in a test-tube immersed in boiling water, 
agitating with two measures of ammonia of '960 specific gravity, and 
allowing the whole to cool. If the spermaceti be pure, it will rise to 
the surface and leave the ammonia nearly or entirely clear; but 
if adulterated with stearic acid, a thick white emulsion will be formed^ 
which retains the spermaceti if the proportion of the adulterant be 
large, but allows it to rise and form a separate layer if the stearic acid 
is present only in moderate amount. One per cent, of the adulterant 
is said to be recognisable by this test. 

Talloio and stearin are recognisable in spermaceti by the test already 
given ; by the change in the fracture, feel, and appearance of the 
sample ; and by the tallowy smell produced on heating. They will 
also be indicated by the results of the saponification of the sample. 
In presence of either adulterant the percentage of alkali required for 
saponification will be increased, the saponification-equivalent cor- 
respondingly lowered, while the ether-extract will be diminished and 
the percentage of fatty acids increased almost in direct proportion to 
the extent of the adulteration. The saponification-equivalent of 
spermaceti averaging about 438 and that of tallow about 2S8, each 
unit per cent, of the adulterant will reduce the saponification-equiva- 
lent by 1*5. Thus, if a sample be found to require 14*78 per cent, 
of KHO for saponification, corresponding to an equivalent of 380, 
the percentage of tallow may be assumed to be 

(438 — 380) X 2 _^ 

^ ^ = 38*7 per cent. 

o 

If free fatty acids be present, together with neutral fats, the same 
method of calculation will show approximately the sum of the two 
adulterants and, the fatty acids having been previously determined, 
the proportion of fats can be ascertained ; or, preferably, the fatty 
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acids may be previously determiDed in the same portion of the sample, 
and only the additional quantity of alkali required for the saponifica- 
tion of the neutral fat taken into account in the calculation. The 
ether-residue from genuine spermaceti being 50 per cent., and from 
fatty acids and neutral fats practically nil, the percentage of such 
adulterants can be ascertained with accuracy. Each unit per cent, of 
ether-residue obtained represents 2 per cent, of real spermaceti in the 
sample. 

Paraffin diminishes notably the specific gravity of the sample, yields 
100 per cent, of ether-residue, neutralises no alkali, and cannot, by 
admixture with any proportion of fatty acid or fat, be made to give 
results on saponification similar to those yielded by genuine sperma- 
ceti. Thus, a mixture of equal parts of paraffin and tallow will yield 
50 per cent, of ether-residue, but the saponification -equivalent will be 
about 576. If desired, any paraffin which may be present can be 
isolated and determined by treating the sample with concentrated 
sulphuric acid in the manner described under " Beeswax." Allow- 
ance being made for such admixture, the proportion of any other 
adulterant simultaneously present can be ascertained in the manner 
already described. Pure spermaceti does not absorb iodine. Lewko- 
witsch has found in commercial samples absorptions of 3*52 to 4*09» 
due probably to small amounts of sperm oil. 

Beeswax. 

French — Cire d'abeilles. German — Bienenwachs. 

(See also table on page 102.) Beeswax is the material of which the 
honeycomb of bees is composed. To obtain the wax the honey is 
drained off, the comb expressed, melted in water, the impurities 
allowed to subside, and the wax allowed to cool or run into suitable 
moulds. 

Yellow Wax. — Thus obtained, beeswax is a tough, compact, solid 
substance, of 'a yellowish or brownish color, with a slight lustre and a 
finely granular fracture. Its taste is faint and slightly balsamic, and 
the odor is honey-like and characteristic. It does not feel greasy to 
the touch. 

White or Bleached Wax. — By exposure to moisture, air, and 
light, beeswax becomes decolorised. It may also be bleached by- 
cautious treatment with chromic or nitric acid ; but chlorine cannot 
be advantageously employed owing to the formation of chlorinated 
substitution-products which giv« rise to hydrochloric acid when the 
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wax is burnt It may also be bleached by 'boiling it with a dilute 
solution of potassium dichromate and sulphuric acid. The wax thus 
treated has a greenish color from the presence of chromium com- 
pounds, which it holds very persistently, but which may be removed 
by boiling the product one or more times with a solution of oxalic 
acid. It is not every kind of wax which can be effectually bleached. 
The presence of a small proportion of fatty matter appears to facili- 
tate the process. Bleached wax has its chemical composition some- 
what altered by the treatment to which it has been subjected. 

Beeswax can be volatilised almost without change in a vacuum. 
When distilled under the ordinary pressure, it yields a variety of 
products, among which acrolein does not appear to occur. . It is 
insoluble in water, but dissolves readily in fixed oils, carbon disul- 
phide, and in about 10 parts of boiling ether or turpentine. Accord- 
ing to Hager, ether dissolves only about half the wax at the ordinary 
temperature, and benzene and petroleum spirit about 27 per cent. It 
is nearly insoluble in cold alcohol, but dissolves in about 300 parts 
of the boiling liquid, leaving only a small yellowish-brown residue. 
On cooling, the solution deposits a whitish crystalline substance, while 
the filtrate is yellowish, and is not rendered turbid by addition of 
water. The portion soluble in cold alcohol consists of aromatic and 
coloring matters, together with a small quantity of fatty matter to 
which the name of cerolein has been given. The portion of beeswax 
dissolved by a moderate quantity of hot alcohol consists chiefly of 
cerotic acid and its homologues, whilst the undissolved part is myricin. 

Schwalb has separated from beeswax two hydrocarbons — hepta- 
cosane, GnHset and hentriacontane, CsiHsi — having melting points of 
60'5^ and 67^ respectively. According to Schwalb, small quantities 
of myricyl and other alcohols also occur. 

F. Nafzger has shown that the free acids of beeswax consist chiefly 
of cerotic acid, melting at 78*5^, mixed with a small quantity of acids 
of the oleic series. By fractional precipitation of the alcoholic solu- 
tion with magnesium acetate a small quantity of an acid was obtained 
which melted at 89^, and had a composition either identical with that 
of nielissic acid, QoH«oO„ or with the next homologue, CuH^Oa 

Cerotic Acid, CjeH5,.C00H, crystallises from fusion in small 
grains. It exists in beeswax in the free state, in a proportion usually 
between 12 and 16 per cent. It dissolves in hot alcohol, but is almost 
wholly deposited on cooling. It is soluble in hot ether, but i;^ said to 
be insoluble in chloroform. Lead cerotate is insoluble in alcohol or 
ether. 
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To prepare cerotic acid, beeswax should first be repeatedly treated* 
with boiling alcohol. The deposit which separates from the alcohol 
on cooling is melted, and treated with hot alcohol and potash in faint 
excess in the manner described for the determination of cerotic acid 
(page 215). The liquid is then diluted with an equal measure of 
water, and the unsaponified matter extracted by repeatedly agitating 
the liquid with hot petroleum spirit. The solution of the soap is then 
separated and decomposed by dilute acid^ the separated cerotic acid 
being washed, fused, and purified by reciystallisation from boiling 
alcohol. 

The proportion of cerotic acid in beeswax, or rather the proportion 
of total free acids calculated as cerotic, can be determined as described 
on next page. The unsaponified portion of the wax consists of 
myricin, which can be purified by agitation with boiling alcohol and 
fusion. 

Myricin is the chief constituent of beeswax insoluble in alcohol. 
It is a solid, wax-like body, melting at 64^ G. On saponification, it 
yields a palraitate, myricyl alcohol, and a small quantity of soap from 
an acid of the oleic series. Hence myricin has essentially the con- 
stitution of myricyl palmitate. 

Myricyl Alcohol, CsoHgi.OH, may be prepared by heating myricin 
or beeswax itself in a closed vessel for an hour or two with excess of 
alcoholic potash, nearly neutralising the excess of alkali with acetic 
acid (using phenolphthalein as an indicator), and precipitating the 
turbid liquid with excess of lead acetate. The precipitate, con* 
sisting of a mixture of lead soaps and myricyl alcohol, is washed, 
dried, and exhausted with hot ether or petroleum spirit in a Soxhlet's 
tube. On evaporating the solvent, the wax-alcohol is obtained in 
white glittering crystals, which may be purified by washing with cold 
alcohol and recrystallisation from ether. It may also be prepared in 
a similar manner from carnaiiba wax. 

Myricyl alcohol is a crystalline silky substance, melts at 85^ to 86^ 
to a colorless liquid, and solidifies to a fibrous mass at about 1^ 
lower. It is insoluble in water, scarcely soluble in cold alcohol, ether, 
or benzene, and but little in cold chloroform. It dissolves readily in 
boiling alcohol, ether, chloroform, benzene, and petroleum spirit. 
When fused with potassium hydroxide, or heated to 220^ G. with 
potash-lime as long as hydrogen is evolved, it is converted into potas- 
sium melissate, KCaoHjoOs, which, on solution in water and treatment 
with an acid, gives melissic acid. 

Helissic AciDj HCsoHssOj, crystallises in lustrous white plates or 
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needles, melu at 89*9'' to 90*2''/ and solidifies at 89*2''. It is readily 
soluble in hot alcohol, chloroform, petroleum spirit, and carbon disul- 
phide, but only sparingly in boiling ether. Lead .melissate melts at 
118^ to 119^, solidifies at 117*5^, is sparingly soluble in boiling toluene 
and glacial acetic acid, and insoluble in alcohol and ether. 

Analysis- OF Genuine Beeswax. 

The proportion ofjierotic acid in~ beeswax can be ascertained by 
titration with.standard acid and pHenoIphthaleiu in the usual way,but» 
owing to the very high combining weight of the acid, the operation must 
be conducted; ^ith extreme care. O. Hehner recommends that alco- 
holic potash shouId.be used, and that it should be prepared from pure 
potash and from spirit which has been redistilled from caustic alkali. 
It should be about one-third normal — that is, 1 c.o. should correspond 
to *3 to ~*4_c.c. of normal acid.. The.. alkali should be standardised 
several times with the acid, and the results should not vary by more 
than '05 c.c.:of standard alkali for each 10 c.c. of acid used. 5 grm. 
of the wax should be heated in a flask with 50 cc. of methylated spirit 
which has been redistilled from caustic soda. When. the wax is per- 
fectly melted, an alcoholic solution of phenol phthaleiu is added in not 
too small an amount. The indicator must not be acid, as is fire- 
quently the case, but must previously have been rendered pink, by 
addition of alkali in faint excess. The standard, solution of alcoholic 
potash is then added drop by drop, the liquid being kept well agitated 
until the pink color becomes permanent, when the volume of alkali 
employed is observed. The combining weight of cerotic acid being 
410, a volume of standard alkali corresponding to 1 c.c. of normal 
acid represents 0*410 grm. of cerotic acid. The percentage of cerotic 
acid may be found by multiplying the percentage of KHO required 
for neutralisation by 7*31. As the volume of standard alkali required 
by 5 grm. of wax amounts to only a few cubic centimetres, a very 
finely graduated burette should biB employed. 

Hehner found by this process, in sixteen samples of English un- 
bleached wax, proportions of free acid, calculated as cerotic acid, 
ranging from 12*15 to 15'71 per cent., the average being 14*4. Seven- 
teen samples of foreign wax gave very similar results, but showed a 
somewhat wider variation, the extreme numbers obtained being 12*17 
per cent, from a dark-brown Mauritian wax, which showed signs of 
having been burnt in the process of manufacture, and 16*55 per cent, 
from a dark-brown wax from Gambia. In wax bleached by air and 
light the proportion of free acid is practically unchanged, but in wax 
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bleached by chromic acid mixture it may be increased to 17 or 18 per 
cent. Hehner's results have been confirmed by Hiibl, who found in 
twenty samples of yellow wax proportions of free acid varying frotn 
13'9 to 15*3, the average being 14*6 per cent 

It is evident that the foregoing rapid and simple volumetric process 
fails to prove the actual nature of the free acid ; but by operating on a 
somewhat larger quantity of beeswax the same method serves as the 
first step towards the actual isolation of cerotic acid, the quantity ob- 
tained being sufficient for the determination of the fusing point and 
other data. The unsaponified portion consists principally of myriein, 
which can be separated and weighed as such, or its nature and compo- 
sition may be deduced from the results of its saponification in the fol- 
lowing manner : — 

The experiment by which the proportion of cerotic acid in beeswax 
was ascertained by titration with alcoholic potash and phenolphthalem 
may be extended in such a way as to obtain a determination of the 
myridn. For this purpose a further exactly known volume of stand- 
ard alcoholic potash should be run into the flask, the quantity used 
being equivalent to about 25 c.c. of normal acid. A reflux condenser 
is then attached to the flask, and the liquid briskly boiled for one hour, 
when the solution should be clear, or nearly so. The flask should be 
agitated at intervals to remove any particles of wax which may have 
adhered to the sides of the flask above the liquid. The condenser is 
then detached and the solution titrated back from a very delicate 
burette with seminormal acid. The alkalinity which has disappeared, 
expressed in terms of normal acid, represents the myricin which has 
been saponified. One c.c. of normal acid, or 0*0561 grm.of KHO neu- 
tralised, corresponds to 0*676 grra. of myricin. Hubl found twenty 
samples of yellow wax to require from 7"3 to 7*6 per cent, of KHO 
for the saponification of the myricin, which figures correspond to pro- 
portions of that body varying from 88 to 91*6 per cent These results 
fully confirm those of Hehner, who found in sixteen samples of yellow 
English wax proportions varying from 85*95 to 8905, the average 
being 88*1. 

When determined vol u metrically by the above method, the cerotic 
acid and myricin together usually amount to somewhat more than 
100 per cent., the average being, according to Hehner, 102*5. It is 
evident, therefore, that wax requires more alkali for saponification 
than would be required for a mixture of pure cerotic acid and myricin. 

The results above recorded prove that genuine beeswax is of ap- 
proximately constant composition. Hehner's experiments show that 
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the proportion the cerotic acid bears to the mjricin in English bees- 
wax (unbleached) averages 1 : 6*12, while. Hiibl finds ratios varying 
from 1 : 594 to 1 : 6-24. 

Sapon^ication in the Gold. — Henriques determines the saponification 
value in the cold as follows: The acid value is determined by dis- 
solving 3 grm. of the wax in 25 c.c. of petroleum spirit with the aid 
of heat and titrating with half-normal alcoholic sodium hydroxide, 
using phenolphthalein as indicator. If necessary, the liquid is warmed 
again, 25 cc-of normal alcoholic hydroxide added, and allowed to 
stand in the cold for twenty-four hours, when complete saponification 
will take place. The saponification value is determined by titrating 
the excess of alkali. 

J. Werder (Chem. Zeit., 1898, 38 and 59) finds that the Zeiss, 
butyro-refractometer may advantageously be employed in the ex- 
amination of difierent kinds of wax, especially when the amount of 
material at disposal is very limited, and that the indications obtained 
with it are quite as valuable as in the case of oils and fats. Owing to 
the high melting point of the wax^ it is necessary to work at a higher 
temperature than usual, preferably 66^ to72^G., and then to reduce the 
results to the normal temperature, 40^ C. As shown in the annexed 
table, the figures given by genuine beeswax vary from 42 6*^ to 45*4**, 
the great majority of specimens falling between 44^ and 45^ ; and it 
seems to make little or no difierence to the refractive power whether 
they are tested before or after bleaching. Samples 19 to 24 had pre- 
viously been examined chemically, and had been rejected on the 
ground of their abnormal acid and ester numbers, which were as 
follows : — 



NUMBBB OF SAMPUE. 


Agio Numbkr.* 


Ester Numbeb.^ 


10 


18*48 


66-64 


20 


1271 


13-4 


2t 


5908 


3-36 


22 


104-7 


14-3 


23 


41-0 


57-0 


24 


106-9 


48a 



No. 24 is a product called " Glanzwachs,'' obtained by adding some 
of the mixture of stearic and palmitic acids as used in the manufac- 
ture of stearin candles (No. 28) to a genuine wax, this 1>eing a form 
of adulteration commonly employed in Switzerland. 

^ The acid number is the namber of milligrams of potassium hydroxide required for 
the neutralisation of the free acid, and the etter fiumber the number of milligrams re- 
quired to saponify the enters in one gram of the sample. The figures are expressed as 
per cent, in the table on page 222. 
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Refractive Power op Different Kinds of Wax. 

TeKPERATURB of BErSACTTOH AT 
SaMPLK. OfiSKRVATION. 40*» C 

1. Bleached, from Egypt 660 44*1 

2. „ „ Turkey 67-0 44-8 

3. „ „ Moldavia 66*5 44*2 

4. Yellow, „ Egypt 66*0 42*8 

6. „ „ Monte Christo 71*0 44*8 

6. „ „ France 67*5 44*1 

7. ,r ,t Savoy 670 42*6 

8. „ „ California 69*5 46*2 

9. „ „ North Africa 71-0 45*0 

10. „ „ Massowah 71*5 44*3 

11. „ ., Itoly) (700 44'9 

12. „ ,f „ V different samples. -170*0 44*0 

13. „ „ „ J (68-6 44*6 
U. .. „ Mexico J, ,,_,_p,„ («.» 44-1 

10. „ „ Syria 69*5 44-2 

17. „ „ Casablanca 68*0 45*4 

18. „ „ Smyrna 70*0 44*7 

19. Bleached, in chips (professedly genuine) 70*5 41*3 

20. White Church candles „ 67-5 32*0 

2t. „ „ 680 32*5 

22. „ „ 68-5 32*6 

23. Yellow wax, source unknown 66*0 38*3 

24. Wax adulterated with No. 28 66*5 38*8 

25. Paraffin 650 22*5 

26. Cercsin 77*0 41*0 

27. Tallow 71*5 48*5 

28. Stearin candle material 700 30*0 

29. CamaUba wax 910 66*0 

30. Japan wax ... 710 470 

Adulterations of Beeswax. 

Commercial beeswax is liable to a number of adulterations, among 
which the following are recorded : — Water ; mineral matters, as kaolin, 
gypsum, barium sulphate, and yellow ochre; sulphur; starch and 
flour; resinous bodies, as colophony, galipot, and burgundy pitch ; fatty 
bodies, as stearic acid, stearin, Japan wax, and tallow ; paraffin and 
ozokerite ; and vegetable waxes, as carnaiiba wax. Spermaceti is also 
said to have been used. 

Water has been met with in beeswax to the extent of 6 per cent., 
being purposely introduced. It may be detected and estimated as 
described under " Lard." 

Mineral maUera may be detected and determined by igniting the 
wax. They will also remain insoluble on dissolving the sample in 
turpentine, chloroform, or benzene. As much as 17 per cent, of yellow 
ochre has been found in unbleached beeswax. 

Starch and flour will be left undissolved on treating the wax with 
warm turpentine. The liquid may be filtered, the residue washed with 
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a little ether, and examined under the microscope with solution of 
iodine. 60 per cent, of starch has been met with. Small quantities 
of starch or flour may exist in genuine wax that has b'een rolled or 
pressed, the rollers or press being dusted over with flour to prevent 
the wax from sticking. 

Sulphur has been found as an adulterant of unbleached wax. It 
may be detected by boiling the sample with a weak solution of soda, 
and adding lead acetate to, the cooled liquid, when a black or brown 
precipitate will be produced if sulphur be present. 

According to Weinwurm {Ancdysty 1897, 242), 2 or 3 per cent, of 
cerasin or paraffin, or 5 per cent, of rosin, may be detected as follows: 
5 grm. of filtered wax areHSpOuified in 25 c.c. of seminormal alkali 
and the alcohol removed. 20 c.c. of glycerol are run in, the whole 
warmed in the water-bath till solution is eflected, and 100 c.c. of boiU 
ing water added. Pure wax gives a clear, transparent, or translucent 
solution, through which ordinary printed matter may be read with 
ease. Five per cent, of cerasin or rosin yields a cloudy liquid, and 
the print is no longer legible ; 8 per cent, of cerasin causes a decided 
precipitate. If the solution is clear, 3 per cent., or, if it is opaque, 2 
per cent, of cerasin is added to another sample of the wax, and the 
saponification repeated, when from the appearance of the soap solution 
the presence or absence of either impurity may be deduced. 

R. Henriques {Analyst^ 1897, 292) reports favorably on the above 
process, but simplifies it by applying the Leflmann-Beam alkali- 
glycerol method for saponifying. A piece of wax about the size of a 
pea is boiled in a test-tube for three or four minutes with 5 c.c. of 
alkali glycerol (25 c.c. sodium hydroxide solution, sp. gr. 1*383, and 
125 cc. pure glycerol). The solution, which is at first quite clear, 
becomea gradually cloudy. After boiling for about the time men- 
tioned, the oil collects in a layer and the underlying fluid becomes 
clear. The bubbles of the boiling mass also now become smaller and 
the glycerol commences to distil. As soon as this point is reached 
the heating is discontinued. The fluid is now poured into another 
test-tube, in order to separate it from the unsaponified portion ; an 
equal weight of hot water is lidded, and the liquid boiled and allowed 
to c ^I I the case of pure wax the solution will be either quite 
dear and transparent, or at any rate sufficiently translucent to allow 
of large printed matter being read through it, as described by Wein- 
wurm. Should, however, on the contrary, as much as 5 per cent, of 
foreign hydrocarbons be present, the fluid will be quite opaque. With, 
an admixture of only 3 per cent, of ceraain- or paraffin, the indication 
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is unoertaio, and the further treatment recommended by Weinwurm 
to meet such cases should be followed. 

Japan wax and other faUy mbstancea ie.g., tallow, stearin, stearic 
acid) may also be detect^ by boiling 1 grm. of the sample with 1} 
grm. of borax and 20 c.c. of water, when the aqueous liquid will 
become milky or gelatinous on cooling. With pure beeswax it re- 
mains clear or becomes but slightly turbid, and carnaiiba wax and 
rosin behave similarly. 

The specific gravity of beeswax is a useful indication of the presence 
of foreign admixtures. Great discrepancies occur in the recorded 
specific gravities of possible adulterants of beeswax, as determined 
by various observers, the differences being probably due to the faulty 
methods of observation. The subject has been investigated by W. Chat- 
taway in the author's laboratory, with the following results : — 

1. Hager's method is objectionable, owing to the anomalous con- 
traction caused by sudden cooling of the fused •substance. 

2. If sudden cooling be avoided, the determination may be made by 
immersing the fragment in dilute alcohol or ammonium hydroxide, ad- 
Justing the specific gravity of the liquid until identical with that of the 

wax, and then ascertaining its specific, gravity by one of the usual 
methods. To prepare the fragments, a good plan is to melt the wax in 
a clock-glass or flat-bottomed capsule placed over a beaker of boiling 
water, and then remove the source of heat and allow the water in the 
1)eaker to cool spontaneously. Small blocks can then be cut from the 
solidified wax with a knife, or cylinders removed with a corkborer 
Another good plan is to suck up the molten wax into a piece of quill- 
lubing, the upper end of which is then closed by the finger, while the 
lower is immersed in cold water. This causes the wax to set at the 
orifice of the tube, and so closes it. The tube is then supported in a 
vertical position, and the contents allowed to solidify spontaneously. 
Owing to the mode of cooling, the wax forms a smooth cylindrical 
stick, readily removable from the tube ,* the central portion is always 
free from cavities and air-bubbles. The cubes or cylinders are then 
painted over with a wet brush to prevent the adherence of air-bubbles, 
and then cautiously lowered (not dropped) into the spirit by means of 
a pair of forceps or a glass rod bent into the form of a hoe. 

3. In the case of a crystalline substance, such as spermaceti or Chi- 
nese wax, the determination of the specific gravity of the solid sub- 
stance is very unsatisfactory, but the difficulty is wholly avoided if the 
determination be made on the molten wax at the temperature of boil- 
ing water. 
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The melting and solidifying point of a sample of wax will often 
afford valuable information ; but unfortunately the figures recorded as 
the melting points of various waxes exhibit great discrepancies, owing 
to the different methods employed. 

The following table shows a number of results obtained in the 
authojr's laboratory by the examination of specimens of waxes and 
analogous bodies. The specific gravities were determined by the 
methods just indicated, the melting points by method a, page 34, and 
the solidifying points by method d, page 37 : — 



SUBSTAXCE. 


Specific Gravity; 
Water at ir>-50 C. = 1. 


Temperature of Chakoe of 
Physical State ; o C. 


At 15-16° a 


At 9»-990 C. 


Melting Point. 


Solidifying Point. 


Beeswax, yellow 

„ chemical] J 

bleached.. 

„ air-bleached . 
Spermaceti, bottlenosc 

Caraaiiba wax 

Chinese wax 

Japan wax 


•963 

•9€4 
•961 
-942 

•984-*^993 

•944 

1-074 
•909 


•822 

'S27 
•818 
-808 
•842 
-810 
•875--877 
-875 
-861 
-860 
•830 

•753 
•753 


630 

63-5 
63-0 
490 
85-0 
81-5 
51-53 
405 
44-5 
49-0 
56-5 

54*5 
61-5 


60-5, no rise 

620, no rise 
61-5, no rise 
48*0, no rise 
81-0, no rise 
80-5, no rise 
410, rising to 48 
395, no rise 
S2-5, rising to 34 
32-5, rising to 34-5 
54*5, no rise 

540, no rise 
60*0, no rise 


Myrtle wax 


Tallow, pressed 

Suet, beef 


Stearic acid 


Colophony .••.. 


Paraffin wax... 


Ozokerite, refined 



The following table gives the specific gravities and melting points 
of waxes and some other bodies, as determined by other observers : — 



BOBSTAHCB 


Specific Gravity at 
15-16° C. 


Temperature of Chanok of Physical 
State; oc. 


F. Rudorff. 


Various. 


Dietrich. 


Yariooi. 


Melting 
Point 


Solidifying Point. 


Melting 
Point. 


Beeswax, yellow... 
bleached 

Spermaceti 

CamaUba wax.... 

Japan wax 

Tallow 


-973 

•963--964 

•960 

•975" 
•952-^961 

•»71-^972 

1-045-1-108 

•913--914 

•918--922 


1 •959--969 

•942-946 

•995-1-000 

•984-1-000 

•925--940 

•964 -•986 
1-070-1090 

1 -868--915 


62-0-62-5 
44-0-44-5 

62-5'-54-5 
42-5-50-5 


62-0-62-5 
44-0-44-5 

41-0, rising to 46 
330-39-5, rising 
4-5<> 


( 63-64 
1 69-70 
43-49 
83-85 
42-53 
36-49 

58-65 
48-72 


Stearic acid 

Colophony 

Paraffin wax 

Cerasin 
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A further insight into the nature and proportion of the adulterants 
which the foregoing tests may have indicated to be present in a sample 
of beeswax, can be obtained by a careful determination of the percent- 
ages of alkali required for the neutralisation of the free acid and for 
the complete saponification of the sample. For the method of oper- 
ating see page 216. The following table, drawn up from the results 
of Hehner, Hiibl, and the author, shows the behavior with potassium 
hydroxide of such probable adulterants of beeswax as are soluble in 
oil of turpentine : — 



Substance. 


Average Pbrcemtaob of KHO Required. 


Ratio of 
A : B. 


.A. ForNeutraliaa- 
tion of Free Acid. 


B. For Saponifica- 
tion of Eaten. 


A -t-B. 
TotaL 


Unbleached beeswax . . 

Chemically bleached 

beeswax 


2-0 

2-4 
traces 

•4-'8 

traces 
20 
0-3 
10 

200 
180 

none 


7-5 

7-1 
12-8 

7-6 

6S 
19-5 
20-5 
18-6 

none 
1-0 

none 


9-5 

9*5 
12-8 

8-0-8-4 

6-3 
21-6 
21-8 
19-6 

200 
190 

none 


1 : 3-76 
1 : 2-96 


Spermaceti 




Carnaiiba wax 

Chinese wax. 


jf 190 ' 
^•1 9-5 

l:*9-75 
1 : 68-3 
1 : 18-6 

.. 1 
1 




Myrtle wax .......... 


Tallow and stearin .... 
Stearic acid (commer- 
cial) 

Colophony 


Paraffin wax ) 

Cerasin and ozokerite j 



Spermaceti is not usually an adulterant of beeswax, but there have 
been occasions when its substitution would have been profitable and maj 
have been practised. It is the only adulterant which would cause the 
sample to show less free acid, and yet require an increased proportion 
of alkali for its saponification, at the same time yielding less glycerol 
and reducing the specific gravity and melting point. In the absence 
of carnaiiba wax, a direct indication of the presence and proportion 
of spermaceti may be obtained from a determination of the melting 
point of the higher alcohols of the sample. 

From an inspection of the table it appears that camauba wax re- 
quires for complete saponification a proportion of alkdli not very dif- 
ferent from that required by beeswax, but is distinguished from the 
latter by the smaller (but very variable) proportion of alkali required 
by the free acid. An admixture of carnaiiba wax will be further 
indicated by the increased specific gravity and higher melting point of 
the sample. 
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Another proof of the presence of carnauba wax is obtainable bj 
removing free acid by alcohol and alcoholic potash, saponifying the 
separated neotral wax, precipitating the solution with lead acetate, 
and ezhaasting the precipitate with petroleum spirit, and decomposing 
the lead soap with hot hydrochloric acid. Beeswax, when thus treated, 
yields a product which is chiefly palmitic acid (melting point, 62^ C.)» 
while the product similarly obtained from carnaiiba wax is largely 
cerotic acid (melting point, 79^ C.)* 

If the proportion of alkali required for total saponification exceed 
9*5, or, at the outside, 10*0 per cent, of the wax, the presence of some 
adulterant is certain. Japan wax, myrtle wax, tallow, and stearin all 
require proportions of potash not far from 20 per cent. Hence each 
0*1 per cent of EHO required in excess of the normal proportion 9*5, 
indicates the presence of about '95 per cent, of one of these adul« 
terants. 

Japan and myrtle %oax are denser than beeswax, and taUow and </ea- 
rin somewhat lighter, but they all agree in having a notably lower 
fusing point than pure beeswax, and yield glycerol on saponification. 
In doubtful cases, a determination of the glycerol by the permangan- 
ate process may be resorted to, when the amount found multiplied by 
10 gives the approximate weight of the adulterant The presence of 
fatty substances is also indicated by the qualitative tests with borax 
(page 220). 

Free siearie acid is readily distinguished from the neutral fats by the 
large proportion of alkali required in the first stage of the process; in 
fact, the percentage of this adulterant may be calculated by multiply- 
ing by 5 any excess of potash required for saponification above the 
normal proportion of 2 per cent Stearic acid is also indicated by the 
sodium carbonate test. It is employed less frequently than other adul- 
terants of beeswax, as it notably diminishes the malleability of the 
substance. 

Colophony or rosin requires somewhat less alkali for its neutralisa* 
tion than is taken by stearic acid, and the proportion is not very con- 
stant Its presence is further indicated by the increased specific gravity 
of the sample. It may be detected with certainty, even if present to 
the extent only of 1 per cent, by boiling 5 grm. of the sample for one 
minute with 20 c.c. of nitric acid of 1*33 specific gravity. When cold, 
the liquid is diluted with an equal volume of water and agitated with 
excess of ammonia. With pure wax a yellow solution is produced, 
but if resin be present nitro-compounds are formed, which impart to 
the liquid a blood-red or reddish-brown tint, varying in intensity with 
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the proportion of the adulterant Cases have been recorded of fac- 
titious beeswax composed of 60 per cent, of paraffin and 40 of yellow 
resin, covered with a thin layer of genuine beeswax. On boiling the 
sample with 15 timea its weight of alcohol of '870 specific gravity, the 
paraffin was left in fused colorless globules having a specific gravity of 
'910, while the solution yielded the resin on evaporation. Such a resi- 
due would give a marked resinous odor when heated, but if the pro- 
portion of the sample soluble in alcohol be small, such a test must not 
be regarded as absolute proof of the presence of added resin, as many 
specimens of genuine beeswax behave similarly. 

Paraffin, ceraHn, and ozokerite are the only adulterants of beeswax 
which tend to reduce in a notable degree the proportion of potash re- 
qqired for saponification. They also reduce the specific gravity in a 
marked manner, but this indication has little more than a qualitative 
value. In a sample consisting solely of be.eswax and hydrocarbon 
wax the proportion of' the former may be deduced with considerable 
accuracy from the results of the* saponification, each 0*1 per cent, of 
KHO required representing 1*053 per cent, of beeswax in the sample. 

jDetermination of Fatty Alcohols and of Paraffin and Cerasin, — An 
adulteration of beeswax with less than 6 per cent, of cerasin or paraffin 
cannot be detected with certainty by any of the ordinary methods, 
because the relations between the free fatty acid and saponifiable and 
unsaponifiable matters in genuine beeswax vary within somewhat wide 
limits. The detection of smaller quantities of these adulterants can 
only be made possible by a direct determinatiota of the hydrocarbons 
present, and C. Mangold (J*. S. C, /., 1891, 860) describes a modifica* 
tion of a method recently brought out by A. and P. Buisine with that 
object. The method is based on the observation of Dumas and Stas, 
that if a saponified wax be heated with potash-lime, the fatty alcohols 
are decomposed with formation of fatty acids and evolution of hydro- 
gen, the volume of which becomes a measure of the fatty alcohols 
present, whilst the hydrocarbons may be dissolved out of the residue 
and weighed. The improvements of the method consist in the simpli- 
fication of the apparatus and a more exact knowledge of the con- 
ditions to be observed. From 2 to 1 grm. of the wax are saponified by 
melting with potash-lime. The solid dry soap is then powdered and 
well mixed with three times its weight of potash-lime, and placed in a 
strong pear-shaped flask, in which it is beated to 250° for two hours. 
The apparatus for conducting this operation is shown in the sketch. 
A is an iron vessel with a lid fastened down by screws and filled with 
mercury. The flask £ is connected, gas-tight, with a Hofmann's 
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burette, H^ for measuring the hydrogen evolved. T is a thermometer 
and V a temperature regulator, if is a eondensing tube for mercury 
vapor. It is advisable that the heating at 250^ be continued for three 
hours to secure completion of the reaction, after which the flask is 
allowed* to cool, and is broken up to liberate the residual mass, which 
is then powdered and extracted with petroleum spirit in a Soxhlet 
apparatus. The residue left on evaporation of the petroleum spirit 
is dried at 110^ and weighed. Qenuine beeswax examined by this 
method gives always some hydrocarbons, but the experience of Man* 
gold and other observers is to the effect that the quantity is almost 
invariably between 12'5 and 15*5 per 
cent. The mean of these quantities, 
or 13*5, must, therefore, be deducted 
from the total hydrocarbon found, 
and the difference is the amount of 
hydrocarbon added by way of adul- 
teration. 

On account of the difficulty of 
saponifying certain waxes with alco- 
holic lye, Benedikt and Mangold (J. 
8. C. L, 1891, 860) recommend the 
following modification of Hehner's 
method : — 

1. The acid number is ascertained 
as* usual, 7 to 10 grm. being employed 
for the test. 

2. Instead of the saponification 
number the " total acid number " is 
determined, by which is understood 
the quantity of potassium hydroxide 
necessary for neutralising a mixture 
of fatty acids and monatomic alcohols 
obtained after previously decomposing the saponified wax by dilute 
hydrochloric acid. To obtain this mixture, 20 grm. of potassium 
hydroxide are dissolved in 15 c.c. of watej and boiled; to this, 
during continuous stirring, are added 20 grm. of the wax, which has 
been melted oh the water-bath. The mixture is heated and stirred 
for ten minutes more, then diluted with 200 c.c. of water, heated again» 
and acidified with 40 c.c. of hydrochloric acid slightly diluted with 
water. It is boiled until the upper part appears clear, allowed to 
stand, and the wax-cake boiled, first with water containing some 
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hydrochloric acid, and subsequently twice with water alone. The 
wax-cake is dried with filter paper, melted in the drying oven, and 
the liquid filtered. The filtrate solidifies as it cools. 6 to 8 grm. of 
the substance thus obtained are treated with alcohol free from acids, 
heated on the water-bath, and titrated after pheuolphthalein has been 
added. The total acid number thus obtained is somewhat lower than 
Hiibl's saponification number. If s be the acid number, S the total 
acid number, and a the other number, we have Hubl's saponification 
number, a + 8, and — 

^ 5 6100 {8^8) ^ 66100 (a 4- s) 

* 56100 — 18 fif 66100 -f 18 a 

The total acid numbers of various kinds of yellow beeswax of differ- 
ent origins ranged from 88 to 93 ; as an average figure, 92'8 is given, 
corresponding to the saponification number 95. The amount of wax 
( W) contained in cerasin is then determined by the formula : — 

^"- "92^ ' 
QTi more accurately,. 

97*72 8 



W = 



92-75 — 00228 5 



If, however, small quantities (6 per cent, or less) are mixed with 
beeswax,, this test is no longer applicable, and Buisine's method must 
be used instead. When stearic acid or resin is present, the acid num- 
ber is higher; if a be the average acid number of such additions, 
th^e additions are calculated by the formula : — 

-. __ 100(a--2o) 
^ - a-2o ' 

With stearic acid, as used for technical purposes, <r = 200, hence we 
have in this case — 

^_ 10(n--2o) 
^" 18 ' 

When fats or tallows are present, the following formula has to be 
used: — 

100 (iS> —8) a 



W ^ 



(Sf — Sja-t (^S-S^)b 



where 8 is the total acid number, S^ the total acid number of pure 
beeswax, 8/ that of fat, a the quantity of wax necessary for obtaining 
1 grm. of substance, as above described, by the treatment with dilute 
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bydrochloric acid, and b the quantity of fat which yields 1 grm. of 
insoluble fatty acid. 

A ratio number may be calculated, as noted above, from the total 
acid and the acid value, not from the ether- and acid-value. Thus, 
Lewkowitsch (" Chem. Anal, of Oils, Fat, and Waxes ") notes that a 
normal wax having the saponification value 95 would furnish a ratio 
number as follows : — 

iSf —«:«=: 72-77 .- 20 = 3-64. 

The ratio number of pure wax is not so constant as has been 
assumed. A sample of wax having the acid value 18 and saponifica- 
tion value 90 (corresponding to the total acid value 88), may yet be 
pare» a large number of yellow waxes from various sources having 
given numbers between 88 and 93 for 8. 

The determination of the ratio number alone will not sufiSce, as it 
is possible to prepare, without wax, mixtures having a normal ratio 
number. Thus, Lewkowitsch calculates that a mixture of Japan 
wax 37*5 parts, stearic acid 6*5 parts, and cerasin or paraffin wax 66 
parts, will give the normal ratio number of acid value to ether- value 
of 3'71. It is evident that the examination must be supplemented by 
other determinations, e.g., iodine value, hydrogen liberated on heating 
with potassium hydroxide, and estimation of the hydrocarbons. 

The following are some results obtained by Buisine in the examina- 
tion of beeswax and adulterants: — 
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Carnaiiba Wax. Carnahuba Wax. 

(See also pages 102, 221, 222, and 227.) This is a very hard, sulphur- 
yellow, or yellowish-green substance, melting at about 84^, of nearly 
the same specific gravity as water, and leaving, on ignitibn, a trifling 
quantity of ash, which often contains iron oxide. 

Carnaiiba wax has a very complex composition. It consists of a 
mixture of higher fatty acids and alcohols, together with the ethers of 
these bodies. Berard found free cerotic acid in the portion of the wax 
soluble in hot alcohol, while Story-Maskelyne found myricyl alcohol in 
the same solution. This result is confirmed by H. Stiirke (J. S. C. /.» 
1884, 448). He states the alcoholic solution to contain myricyl alco- 
hoi, and a small quantity of myricyl cerotate, which is soluble in boil- 
ing alcohol to the extent of 0*82 grm. per litre. The free myricyl 
alcohol and that obtainable by saponifying the myricyl cerotate 
together amount to 45 per cent, of the entire wax. 

By saponification of carnaiiba wax, Stiirke obtained the following 
bodies: — a hydrocarbon, melting at about 69^ ; ceryl atoohol^CrtB^^OH^ 
a crystalline body melting at 76^. The sum of these did not exceed 
2 per cent, of the wax ; myricyl alcohol (45 per cent) ; a diatomic 
alcohol, CssH4e(CH20H)2, melting at 103*5 ; an ojcid of the formula 
CnH^T.COOH, melting at 72-5^, and isomeric with lignoceric acid ; eerO" 
tic add, the chief acid of carnaiiba wax, melting at 79^, or an acid iso- 
meric therewith ; a hydroxy- acid of the formula CH3OH.C19Hs8.COOH. 

Carnaiiba wax when in a separate state is readily recognised by ita 
physical characters and the results of its saponification. It is some- 
times employed as an adulterant of beeswax, in which its presence may 
be recognised by the high specific gravity and melting point of the 
substance, and by the melting point of the fatty acids produced by the 
saponification of the neutral ethers of the sample. The presence of 
carnaiiba wax in soap is best recognised by mixing the sample with 
sand, drying thoroughly, and exhausting the mixture with petroleum 
spirit (boiling at about 100^) or hot toluene in a Soxhl^t's tube. The 
residue left on distilling off the solvent is then treated in the manner 
directed for the preparation of myricyl alcohol from beeswax. The 
weight of myricyl alcohol divided by 0*45 gives approximately the 
amount of carnaiiba wax in the quantity of soap employed. 

E. Valenta has found carnaiiba wax in a number of commercial 
cerasins and paraffins which were characterised by their high melting 
points and great hardness. It is employed to impart these properties 
and to give a peculiar lustre to the wax. Valenta gives the following 
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figures showing the influence of carnauba wax, melting at SS'' C. on 
the melting point of mixtures containing it. 
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These results show It very marked increase in the melting point of 
the substances hj the addition even of 5 per cent, of carnatiba wax. 
Further additions increase the melting point in a diminished ratio. 

The proportion of carnauba wax existing in admixture with the 
foregoing bodies, or with Japan wax, can be ascertained by determin- 
ing the percentage of potash required for the neutralisation of the free 
acid and for the saponification of the esters of the sample, and by the 
determination of the unsaponifiable matter. 



Blown Oils, Oxidised Oils, Base Oils. 

Various products known by these or similar names are now maqu* 
factured by blowing a stream of air through fatty oils. The oils 
which lend themselves most readily to the treatment are cottonseed, 
rape, and linseed oils, but the process is also carried out with olive, 
lard, and other oils. The oil is usually heated by a steam-coil at the 
<;ommencement of the process to a temperature of 70^ C, though this 
is not strictly necessary, at least with certain oils, and in any case 
care must be exercised in order to avoid too high a temperature 
(above 80® 0.). The process usually lasts from twelve to forty-eight 
hours, according to the nature of the oil under treatment, the charac- 
ter of the product desired, and the size and power of the apparatus. 
Great heat is developed and the oil increases in specific gravity and 
viscosity. The product can be varied by arresting the process at any 
particular point Blown oil is usually of a clear yellow color, with a 
disagreeable smell and taste suggesting its origin. It is very viscous 
and <^n as dense or denser than castor oil, from which it difiers by 
not dissolving readily in alcohol and in being soluble in petroleum 
spirit. Its perfect miscibility with heavy mineral oils gives it an 
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advantagQ over castor oil in the manufacture of lubricatiug mixtures 
for heavy machinery. Mineral oil and castor oil are mutually soluble 
only to a very limited extent, but by addition of some other oil, such 
as tallow oil, perfect union can be effected. When the oxidation of 
Cottonseed oil is pushed to an extreme, the product haa a density of 
'885 and is not readily miscible with heavy mineral oils. Blown oils 
yield sebacic acid on dry distillation, and contain but an insignificant 
proportion of unsaponifiable matter. The odor, taste, and color-reac- 
tion of the oil with sulphuric acid will afibrd an indication of its 
origin, and more definite informaiidn can be obtained by an exami* 
n&tion of the physical and chemical characters of the fatty acids pro- 
duced by its saponifit^ation. 

The process of blowing results in a change in the fatty acids, a 
notable proportion of which after the process is soluble in water. 
The insoluble acids have a mean com'bining weight considerably below 
the original, and are regarded by Fox and Baynes (Analyst, xii. 33) 
as probably " oxyacids of the acrylic series." The glycerin, as de- 
termined by the permanganate process, apparently increases somewhat, 
hut this effect is probably due to the formation of soluble products, 
which, like glycerol, yield oxalic acid by oxidation with permanga- 
nate. On saponification blown oils usually yield very dark soaps. 
The following figures, obtained by the analysis of blown oils, have 
been published by Fox and Baynes (loc, dt) : — 
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Fox {Oil and Col Jour., 1887,549) has also published the fol- 
lowing figures, showing the change produced in oils by blowing 



air: — 
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HIGHER FATTY ACIDS. 

Under the denomination of " fatty acids " used in its widest sense, 
are included the whole series of homologous acids of which formic acid 
is the lowest member, together with the various homologous acids of 
the acrylic or oleic series, the peculiar acids obtained by the saponifica- 
tion of castor and drying oils, and many others 

The lower acids of the formic, acetic, or stearic series have been fully 
considered in Volume I., page 485 et aeq. 

The following tables give some particulars respecting such higher 
fatty acids as are of interest or importance as constituents of the fixed 
oils or fats. Some information as to the analytical characters of capry- 
lic, pelargonic, and capric acids will be found in Volume L Palmitic, 
stearic, and oleic acids are so important and of such frequent occur- 
rence that they are described at length in subsequent sections. Fur- 
ther information respecting arachidic, erucic, linolic,and ricinolic acids 
will be found in the sections treating of the oils of which they are 
especially characteristic — namely, arachis oil, rape oil, linseed oil, and 
castor oil. 

The methods of detecting or determining the lower homologues of 
the stearic series are described on pages 50, 58, and 189. 

It will be noted that the acids of the stearic series become less fusi- 
ble as the number of carbon atoms increases. 

In a similar manner, the boiling points of the acids of the stearic 
series rise with an increase in the number of carbon atoms. The higher 
members cannot be distilled under the ordinary atmospheric pressure 
without suffering more or less decomposition, but may be distilled un- 
altered under diminished pressure. The table shows the boiling points 
of somer of the stearic series under diminished pressure. 

Similarly, oleic acid may be distilled in a vacuum, or in a current of 
superheated steam at 250^ C, without material alteration ; but if dis- 
tilled with contact of air it is partially decomposed, with formation of 
carbon dioxide, paraffinoid hydrocarbons, and acetic, caproic, caprylic, 
capric, sebacic, and other acids. 

In the following tables the acids of the different series are arranged 
together. Their relationship is evident from the following list of the 
acids containing 18 carbon atoms in the molecule : — 

CigHscOs, Stearic Acid. CisHmO,, Linolenic Acid ; Isolinolenic 

Acid. 
^s^nPtt Oleic Acid ; Elaldic Acid. CigHsfO,, RiciDolic Acid ; Isoricinolic 

Acid. 
CiaHsjO], Linolic Acid ; Stearolic Acid. Riciuelatdic Acid ; Rapic Acid. 
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General Reactions of Fatty Acids. 

All the fatty acids named iu the foregoing tables are practically 
insoluble in water, but are mostly soluble in alcohol, ether, and fixed 
oils. In alcoholic solution they usually exhibit a more or less marked 
acid reaction, and both in solution and in the molten state decompose 
the carbonates of the alkali- metals. The resultant salts are commonly 
called *' soaps." The fatty acids of the different series formulated in 
the foregoing tables present certain marked points of difference and 
general reactions of interest, of which the following are the chief:— 

A. The higher acids of the stearic series are solid at the ordinary 
temperature. They are saturated bodies, and hence do not form 
additive compounds with bromine and do not react with Hubrs 
reagent They may be heated with caustic potash to 300^ C. without 
change. They are not acted on by phosphorus and hydriodic acid. 
The lead salts are insoluble in ether. 

B. The higher acids of the oleie series have lower melting points 
than the acids of the stearic series containing the same number of carbon- 
atoms. They form additive compounds with bromine of the formula 
C.H„i_2Br,0s, and react sharply with Hubl's reagent to form analogous 
compounds. When gradually hetfted with caustic potash to about 
300°, they yield potassium aeetate and the potassium salt of an acid 
of the stearic series containing a number of carbon-atoms two less 
than the original acid of the oleic series employed. Heated rapidly 
with excess of alkali, certain of the acids of the oleic series yield 
sebacic acid, CioHisOt, as a characteristic product. A remarkable 
reaction of oleic acid and its true homologues is the formation of an 
isomer of higher melting point under the influence of nitrous acid. 
This reaction is common to their esters, and is also exhibited by 
ricinolic acid and ricinolin, but not by the acids of classes C and D. 
When oxidised by permanganate in alkaline solution they yield acids 
of the di hydroxy stearic series. The lead salts are soluble in ether. 

C. Linolic add and its homologues combine with either Br, or Br4, 
and react with a larger proportion of Hubl's reagent than do the acids 
of the oleic series. They equally have a low melting point, are not 
visibly affected by nitrous acid, and form lead salts soluble in ether. 
Linolic acid absorbs oxygen ri^pidly from the air, and is oxidised by 
permanganate in alkaline solution to sativic acid. 

D. Linolenic add combines with six atoms of bromine or iodine, and 
readily absorbs oxygen. Nitrous acid does not produce solid isomer* 
ides. Lead linolenate is readily soluble in ether. 
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1S< RicmoUo acid combines with two atoms of bromine or iodine* 
does not oxidise in the air, is gradually solidified by nitrous acid, and 
forms a lead salt soluble in ether. With potassium permanganate in 
alkaline solution it yields a trihydroxystearic acid. No homologues 
of ricinolic acid are known and the isomers have been little studied. 

Recognition and Determination of Fatty Acids. 

The methods available for the detection and to some extent for the 
determination of the higher fatty acids are based on the characters 
just described. In many cases it is unnecessary to effect actual*sepa- 
ration of the fatty acids in a mixture, it being sufficient to ascertain 
the joint amount, or to determine indirectly and approximately the 
proportion of the acids of different origin known to be present. 

Methods not Involving Separation. 

a. Free fatty acids can be accurately determined by titration in alco- 
liolic solution with standard caustic alkali, using phenolphthalein to 
indicate the point of neutrality. The mode of operating is fully de- 
scribed on page 104. Neutral bodies — e.^., fats and hydrocarbons — 
do not interfere. Mineral acids and acid salts must first be removed 
by agitation with water, or determined by titration in alcoholic solu- 
tion with methyl-orange as indicator, and resin acids must be separated 
or duly allowed for. In the case of a mixture of several fatty 
acids the result is best expressed in terms of the principal or most 
characteristic acid present, and in most cases such a mode of state- 
ment gives a close approximation to the total of the free fatty acids 
present. 

Conversely, when the substance under examination consists wholly 
of a mixture of fatty acids, titration with standard alkali suffices to 
ascertain the mean combining weight of the mixed acids. This is 
found by dividing the number of milligrams of fatty acids employed 
for the titration by the number of cubic centimetres of normal alkali 
required for neutralisation (see page 237). 

In cases of a mixture of two homologous acids, the nature of which 
is known or can be ascertained by other means, the result of the titra- 
tion gives the means of ascertaining the proportions in which the two 
constituent acids exist in the mixture. An example of the application 
of the method to this purpose is given on page 241. 

h. The method of Koettstorfer (page 56) may be regarded as a 
process of approximately ascertaining the mean combining weight of 
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the fatty acids of an oil without actually isolating them. If the saponi- 
fication-equivaleot of the oil be multiplied by 0*95, the mean combin- 
ing weight of the acids will be obtained with tolerable accuracy. The 
method is, of course, only applicable to oils yielding approximately 95 
per cent of fatty acids on saponification. With oils like shark and 
sperm oil and the true waxes the process is quite useless. With pure 
esters it is in some respects preferable to a titration of the previously 
isolated fatty acids, as there is less danger of alteration by oxidation 
or the loss of soluble fatty acids in the course of preparation. 

e. The titration of a mixture of oleic acid with acids of the stearic 
series by means of Hubl's reagent (page 64) allows the former con- 
stituent to be determined with considerable accuracy. As 282 parts of 
oleic acid, C18H84OS, assimilate 254 parts of iodine, I„ the iodine-absorp* 
tion divided by 0*9 gives the percentage of oleic cudd present Linolio 
acid and its homologues assimilate !«, and hence their presence renders 
the determination of the oleic acid excessive, but the method is still 
applicable if the mode of calculation be modified accordingly. Oleic 
and linolic acids have so very nearly the same molecular weight 
(282 : 280), that the latter may be regarded as absorbing twice as much 
iodine as the former, or 180 per cent against 90. Hence, if 90 be sub- 
tracted from the observed iodine-absorption of the mixed acids, and the 
difierence be divided by 0*9, the dividend will be the number of parts 
of linolic acid in 100 parts of the mixture. If acids of the stearic 
series are also present, they must be separated or duly allowed for in 
making the calculation, which ia vitiated if linolenic acid also be pres- 
ent If the percentages of stearic, oleic, and linolic acids in a mixture 
of the three be represented respectively by a, 0, and /, and iodine-absorp- 
tion by A, then, the value of 8 being known, the proportion of the 
liquid acids will be found by the following equations : — 

0=200 — 111 A; andi = 100 — 0— fi. 

d. Useful information respecting the fatty acids present can be oh* 
tained by determining the melting point or solidifying point of the 
substance. When the mixture consists merely of two acids of the 
stearic series, the determination affords a means of approximately 
ascertaining their relative proportions. The melting points of various 
mixtures of the acids of the stearic series have been determined 
by Heintz, and are given in a tabular form on page 242 et %eq. 
The melting add solidifying points of the fatty acids from different 
fixed oils are more or less characteristic of their origin, as also are 
their specific gravities and mean combining weights. 
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The following table gives data obtained in the author's laboratoiy. 
The fatty acids were prepared as follows :^The oil was saponified 
with alcoholic potash, the alcohol evaporated, and the residual soap 
dissolved in hot water and decomposed by dilute sulphuric acid. The 
liquid having been well boiled, the .separated fattj adds were filtered 
through paper. The higher alcohols of the sperm and bottlenose oils 
were removed by agitating the solution of the soap with ether, the 
ethereal layer separated, and the ether dissolved in the aqueous liquid 
got rid of by warming before liberating the fatty acids. In the case 
of the other oils the trifling proportion of unsaponifiable matter was 
ignored. 



Kind of Oil. 



CUABACTKRS OF SePABATKD INSOLUBLB FaTTY AdDB. 



Speclfie GniTltj. 



At 16-50 C 



At98-Moa 



MdtiDg 
Point; oo. 



Solidifying 
Point; oc. 



Combtning 
Weight. 



Oliye oil 

Arachis oil 

Rape oil 

Cottonseed oil (pressed) 

Sesame oil , 

Linseed oil 

Castor oil 

Palm oil 

Cooonat oil 

Japan WAX ,. 

Myrtle wax 

Lard 

Northern whale oil 

Sperm oU.^ 

Bottlenoee oil 



solid 
solid 
soUd 
solid 
solid 
•923.3 
•9509 

solid 
solid 
solid 
solid 
solid 

•9076 
•8990 
•8966 



•8430 
•84«0 
•8438 
•8467 

•86]^ 
•8960 

8369 

•8*482 
•8370 



•8595 



26-§ 
29-6 
19^5 
850 
23-0 
240 



500 
240 
56-0 
47-6 
440 



21-0 
28^0 
18-5 
32-0 
18-5 
17-5 



45-5 
205 
630 
46-Q 
300 



2794 
281-8 
82M 
287-2 
286-5 
30.7-2 
306-6 

269-6 

265-3 
2430 
2780 

298-7 
289-4 
294-6 



The following results have been communicated by other observers : — 



Source of Fatty Acids. 


COMBIKINO 

Wbioht. 


Observer. 


Tallow, lard, or olive oil 

Castoroil 

Coconut oil 

Palm oil 


270-285 
290-295 
196-204 

273 

211 

275 

286 


C. R. Alder Wright. 
»i 

A. Norman Tate. 
E. Valenta. 

ft 

tt 


Palmnut oil 

Cottonseed oil • 

Sosamo oil 
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The foUowiog table gives the melting points and solidifyiDg points 
<if the fatty acids as determined by various observers: — 



SOUBCB OF FaTTT ACIDS. 



Oliyeoil , 

Almond oil 

AnushJB oil. 

Rape oil 

Cottonseed oil 

Sesune oil , 

Nigeneedoil 

Poppyseed oil 

Linseed oil • . . . 

Hempse^ oil , 

Walnat oU 

Giwtoroil 

Palm oil 

Palmnat oil 

Cmm batter 

Nutmeg batter 

Shea batter 

Gooonat oil . . 

Japan wax 

Myrtle wax . . . . , 

Lard oil 

Lard 

Compoanded lard 

Tallow, mutton 

„ beef 

Margarine • , 

Batter-fat (insoluble acids) 

Sperm oil. 

Whale oil 



Meltiko 
PoiKT ; « a 



24-27 
13-U 
28-33 
18-22 
35-44 
23-31 
25-27 
20-21 
17-24 
17-1» 
1^20 

13 
40-60 
21-28 
48-52 
42-43 
40-5« 
24-27 
6(J-57 
47-48 
42-43 
35-47 
30-43 
46-54 
43-47 

42 
36-46 

13 
14-27 



SoUDiFTnfO Poiivt; <>C. 



Various 
Methods. 



17-26-4 

5-12 (t) 
24-31 
12-18 
32-40 
18-28 

15-5^17 
13-20 
14-16 
16-17 
2-3 
86-45-5 

46^51 
36-40 
38-54 
16-25 
53-59 
46 

32-43 



40 
37-38 
11-12 
23-24 



titer Test 
(Lewkowitsch). 



16-9-26-4 
9-5-1 1-8 
28-1-29-2 
11-7-13-6 
32-2-37-6 
21-2-23-8 



)9-0-20-H 
15-6-10-6 



35-8-45-4 
20 -26-5 
48 -48-27 
3&-5-36-05 
58-76-63-8 
21-2-25-2 
5S-8-59-4 



41-45-42 
37-9-46-25 



111-11-9 

22-9-23-9 



The variations in the melting and solidifying points are in great 
measure due to the different methods of observation adopted. 

The figures have, in some instanees, considerable practical value. 
Thus, the high melting point of the fatty acids obtained on saponification 
distinguishes cottonseed oil from nearly all other liquid fixed oils of vege- 
table origin, and enables its presence to be inferred in admixture with 
other oils ; the melting point of the acids from cacao butter is remark- 
ably constant, and is sometimes useful as a tcQt of the purity of the fat ; 
while the solidifying point of the acids from palm oil affords a practical 
indication of the value of the sample to the candle manufajcturer. 
The same remark applies to the fatty acids of tallow, and a table has 
been constructed by Dalican (page 172) by which the proportion of 
oleic and solid fatty acids which a sample of tallow will yield can be 
deduced from the solidifying point of the mixed acids. 
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Separation op Mixed Fatty Acids. * 

The actual separation of mixed fatty, acids is often a problem of 
extreme difficulty, and indeed cannot in all cases be satbfactorily 
solved in the present condition of chembtry. Methods for effecting 
the recognition and separation of the lower members of the stearic 
series will be found in Volume I., page 485 et eeq. The principles which 
have been applied to the fatty acids enumerated in the tables on page 
232 et seq, include the following : — 

1. The mixed fatty acids are well washed by agitation with hot 
water, when those containing 10 atoms or fewer of carbon are dissolved. 
This process is applied to the analysis of the fatty acids from butter 
(page 190). 

2. The mixed fatty acids obtained by treating the soaps with a 
moderate excess of dilute sulphuric acid are distilled with water, either 
with or without the aid of a current of open steam (page 51). This 
method allows a more or less complete separation of the homologuea 
up to lauric acid from the higher members of the stearic series. 

3. The acids are converted into barium salts, and the precipitate 
treated with water or alcohol. The barium salts of lower members up 
to capric acid can be dissolved out by boiling water (page 192). 

4. The alcoholic solution of the acids is precipitated by magnesium 
acetate. By operating fractionally some useful separations may be 
effected (see below). 

5. The acids are converted into lead salts, which are then treated 
with ether or alcohol. An application of this principle enables oleio 
acid and its homologues to be separated from the higher acids of the 
stearic series. 

6. Fractional distillation, fractional fusion and pressure, and frac- 
tional solution in or crystallisation from alcohol or other solvents, are 
other processes employed for the separation of the fatty acids. 

No precise method of separating oleic acid and its homologues from 
linolic acid has hitherto been devised. Possibly one might be based 
on the conversion of the acids of the oleic series into isomers of higher 
melting point and modified properties by means of nitrous acid. 
Methods 1,2, and 3 have already been sufficiently described, and those 
under 6 do not require further notice. Methods 4 and 5, however, are 
described in detail below. 

Separation of (lie Higher Fatty Acids of the Stearic Series, — The higher 
homologues of the stearic series can be separated from the lower mem- 
bers by treatment with bot water or distillation with water and open 
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Steam, and from the insoluble and non-volatile acids of other series by 
treatment of the lead soaps with ether. By proper application of these 
methods there may be obtained a mixture of solid, non-volatile homo- 
logues of stearic acid, which, according to its origin, may contain more 
or less lauric, myristic, palmitic, stearic, arachidic, and other less fre- 
quently occurring acids of the series. The separation of these homo- 
logues is extremely difficult, and a quantitative determination of several 
immediate homologues occurring together in a mixture is especially so. 
Advantage may be taken of the limited solubility of arachidic add in 
alcohol to effect its separation, as is done in Renard's process for the 
detection of earthnut oil (page 134) ; and indeed the solubility of the 
homologues in alcohol rapidly increases with a diminution of the num- 
ber of carbon-atoms in the acid. For the actual separation of the 
higher homologues of the stearic series from each other, however, the 
most satisfactory method is that of Heintz (Jour. /. Prad* Chem.^ 
Ixvi. 1), based on fractional precipitation of the alcoholic solution of 
the acids' with magnesium acetate. This salt precipitates acids of the 
stearic series more easily than it does oleic acid and its homologues, 
and, of the different homologues of the stearic series, those of the 
highest molecular weights are thrown down first. In practice, 40 grm. 
of the mixed fatty acids should be dissolved in such a proportion of 
hot alcohol that nothing will separate on cooling, even at 0^, and the 
hot liquid treated with a boiling alcoholic solution of 1} grm. of 
magnesium acetate. The liquid is well agitated and allowed to become 
cold, when the precipitate is filtered off* and the filtrate treated with a 
fresh quantity of alcoholic magnesium acetate. This second precipitate 
is similarly separated, and the treatment repeated as long as anything 
is thrown down. To induce precipitation of the lower homologues, it 
becomes necessary to render the liquid alkaline with strong ammonium 
hydroxide before adding magnesium acetate, and to allow the solution 
to stand in the cold for twenty-four hours before Altering. The first 
fractions of the precipitate contain magnesium stearate and any higher 
homologues, the succeeding portions will consist chiefly of magnesium 
palmitate, and the last will probably contain myristate; but a portion 
of the myristic acid, the whole or nearly the whole of the lauric acid, 
and any oleic acid which may be present will remain in solution, and 
may be precipitated by addition of lead acetate after neutralising the 
excess of ammonium hydroxide with acetic acid. The precipitate 
should be filtered off*, washed with cold dilute alcohol, and, if oleate be 
present, treated with ether. The purified lead precipitate and the 
various magnesian precipitates should be washed with cold alcoool, 

VOL. II.— 16 
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pressed, and decomposed by hot dilute hydrochloric acid, the liberated 
fatty acids being washed free from mineral acid by repeated agitation 
with hot water, and further treated as described on page 51. The 
details of the fractional precipitation should be modified to suit par- 
ticular cases, and in some instances separation into a smaller number 
of fractions will suffice. 

The several fractions of fatty acids thus obtained, after being 
weighed if desired, should then be titrated with standard alkali in the 
manner described on page 104. Five grm. of each fraction will be a 
suitable quantity, and this should be treated with about 30 c.c. of 
warm spirit (neutral) and titrated with a seminormal solution of 
caustic soda, a few drops of a solution of phenolphthalein being em- 
ployed as an indicator, and an accurately divided burette being used. 
The mean combining weight of the acids constituting a fraction is 
found by dividing the number of milligrams of fatty acids employed 
by the number of cubic centiotietres of normal alkali required for their 
neutralisation. Thus, if 5 grm. weight of a fraction has been found 
to require 37*80 c.o. of seminormal alkali for its neutralisation, the 
mean combining weight of the acids will be 264*5, for: — 

37-8 =2^4 6. 

As a rule, if the mixed fatty acids be divided into a sufficient num* 
ber of fractions by precipitation with magnesium acetate, each iractiou 
will contain only two homologues, in which case the result of the titra 
tion not only indicates the nature of the homologues present, but in 
many cases allows of their relative proportion being calculated. Thus, 
if, in the course of a systematic fractional precipitation as magnesium 
salts, a fraction of fatty acids be obtained having a mean combining 
weight of 264-5, it will almost certainly consist essentially of a mixture of 
stearic and palmitic acids, the former of which has the molecular weight 
284 and the latter 256, the difference being 28. Hence, every 1 per cent, 
of stearic acid in the mixture will raise the combining weight *28, or 
for every unit above 256 found for the combining weight of the fraction 
3'57 of stearic acid should be calculated. As with all indirect methods 
of the kind, the results obtained are fairly satisfactory when both con- 
stituents are present in considerable proportions, but are of little value 
for mixtures in which one constituent very largely predominates. 

The titration having been completed, the alcohol may be boiled off 
and the fatty acids again liberated and subjected to renewed fractional 
precipitation or crystallisation from alcohol. The products so obtained 
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can be again titrated, and thus the progress of the isolation and purifi- 
cation of the f&tty acids checked in a simple and satisfactory manner. 
Valuable information respecting the composition of the various frac- 
tions obtained by the precipitation as magnesium salts is obtainable by 
determining the melting points of the fatty acids. For this purpose 
they should be purified by single crystallisation from hot alcohol, and 
dried by pressure between blotting paper. Unfortunately, the melting 
point of a mixture of two or more homologous fatty acids is not the mean 
of the melting points of the constituent acids. The melting points of 
various mixtures of solid fatty acids have been very carefully deter- 
mined by Heintz, who has also noticed that the mixtures, on solidifying, 
crystallize in more or less characteristic forms, or remain amorphous, 
according to the proportions in which the constituents are present The 
following are some of the more important of the results of Heintz : — 

MlXTUBBS OF LAUBIO AcID WITH ITS HlGHKB UOMOLOOUES. 



Lauxio Acid 

PBB CSKT. 


With MrKiario Acid. 


With Palmitio 
Acid. 


With Stearic 
Acid. 


MelUDg Point 


SolldityiDg 
Point. 


Malting Point 


Melting Point 


100 
90 
80 
70 
60 
50 
40 
30 
20 
10 



48-6 
41-3 
88-6 
85-1 
86-7 
87-4 
43-0 
46-7 
49*8 
61-8 
63-8 


860 
330 
32-3 
33-5 
35-7 
300 
890 
44*6 
47-3 


43-6 
41-6 
3M 
38-3 
40-1 
47*0 
61-2 
54*5 
67-4 
49-8 
620 


43*6 
41*6 
38-5 
43*4 
50-8 
55*8 
69-0 
62*0 
64-7 
67-0 
69-2 



MiXTCBBS OF MyBISTIC ACID WFTH ITS HiGHKB HOMOLOGUBS. 




With Palmitic Acid. 


With Stearic Acid. 


MTKI0TIC Ado 
PER CERT. 














Melting Point 


SoUdlfying Point 


Melting Point 


100 


63-8 




63-8 


90 


61-8 


45-3 
^ 41-3 


61-7 


80 


49-6 


47-8 


70 


46-2 


43-7 


48-2 


60 


47-0 


43-7 


50-4 


60 


47-8 


45-3 


54-5 


40 


51-6 


49-5 


69-8 


30 


54-9 


61-3 


62-8 


20 


58-0 


53-5 


650 


10 


60-1 


63-7 


671 





62-0 




69-2 



244 FATTY ACIDS. 

Mixtures of Palmitic Acid with Stearic Acid. 



Palmitic Acid 

PRR CKNT. 



100 
00 
80 
70 
60 
60 
40 
30 
20 
10 




Straric Acid 


Meltiko 


PER cent. 


Point. 





620 


10 


601 


20 


67-6 


30 


651 


40 


56-3 


50 


66-6 


60 


60-3 


70 


62-9 


80 


65-3 


90 


67-2 


100 


69-2 



Solidifying 
Point. 



64-5 
63-8 
54-0 
54-6 
550 
66'5 
69-3 
60-3 
62-5 



Manner of Solidification. 



CryBtalline scales. 
Fine orystalline needles. 
Very indistinct needles. 
Amorphous; wavy, dull. 
Large erjstalline lamiosB. 
Large crystalline laminsB. 
Amorphous, lumpy. 
Delicate crystalline needles. 
Delicate crystalline needles. 
Crystalline scales. 
Crystalline scales. 



HeiDtz also noticed that the addition of a third acid, even of 
higher melting point, to a mixture of two homologous acids causes 
a lowering of the melting point. This is shown in the following 
table : — 



AQ 






o 






<H 






|SS 






2pi3 












Palmit 
Laurj 

RISTIO 

Parts. 


Mkltino 


Manner of 


Mkltino 


Manner of 


Point. 


Solidification. 


Point. 


Solidification. 


K^" 






S8:§ 






St- 






sir 






5q^ 






"<•< 






&.-< 






0k 









35-1 


Amorphous, 





46-2 


Indistinct lamella. 






frond-like. 


1 


45-2 


Amorphous. 




33-9 


Amorphous. 


2 


44-5 


»» 




33-1 


tt 


3 


44-0 


n 




32-2 




4 


43-8 


99 




.32-7 




6 


44-6 






33-7 


tt 


6 


45-6 


99 




34-6 


yy 


7 


460 


99 




35-3 


„ 


8 


46-5 


if 


8 


36-0 


il 








9 


37-3 


Indistinct minute 
needles. 








10 


38-8 


Minute needles. 









The determination of the melting point of a mixture of two or more 
fatty acids taken alone is evidently incapable of giving very definite 
information ; but if the observation be associated with other data very 
useful inferences can be drawn. Thus the following mixtures of 
homologous fatty acids melt at nearly the same temperature, but may 
be distinguished by determining their combining weights, by titrating 
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them in alcoholic jolution with standard caustic alkali and phenol- 
phthalein (page 242) 



Natuxb of Mizkd Fattt Acioa 


Mbltivq Point. 


Combining 
Weight. 


Laurie. 


MTristIc 


Pafanitlo. 


Stearic. 


30 
50 


70 

70 
50 


• • 
60 
80 
21 


• • 
29 


46-7 
47-0 
46-2 
46-5 


219-6 
2280 
239-4 
2500 



A method of examining fatty acids, proposed by Benediktand Ulzer, 
consists in preparing the acetyl derivatives and then ascertaining the 
amount of alkali required for saponification ; 50 grm. of the fatty acid 
are boiled with 40 grm. of acetic anhydride, under an inverted con- 
denser, for two hours. The product is boiled with about 500 c.c. of 
water, washed till free from acid, dried, and filtered. A known weight 
is then dissolved in alcohol and directly titrated with standard alkali. 
Another quantity is then saponified with a known quantity of EHO, as 
in Koettstorfer's process, and the excess of alkali determined by titra- 
tion with standard acid and phenolphthalein. Benedikt and Ulzer 
{Monaishefte, Jan., 1887) give the following figures obtained by the 
process : — 



SouBCB OF Fatty Acidb. 


Obiqinal Aoido. 


ACBTTLATBD ACIDS. 


KHO p. c. for 
NeatnaJaatlon. 


Mean Combin- 
ing Weight 


Wltboat Sap- 

'oDlfjing KHO 

p.c. 


With Sappnlft. 

cation KHO 

p.c. 


Nnt oil 


20-48 
19-98 
2010 
19-94 
20-18 
19-71 
17-74 


273-9 
280-8 
279-1 
281-3 
278-3 
284-6 
316-2 


19-80 
19-57 
19-57 
19-68 
19-65 
19-73 
14-28 


20-56 
21-23 
20-42 
20-43 
20-23 
20-20 
29-62 


Cottonseed oil 


Croton oil . 


Hempeeed oil 


Almond oil 

Olive oil 


Caator oil 





The process of Benedikt and Ulzer is based on the assumption that 
only hydroxylated fatty acids (e.^., ricioolic acid) form acetylated 
derivatives when heated with acetic anhydride, the others remaining 
unaltered, so that in the latter case the proportions of alkali required 
will be approximately the same before and after acetylisationv Lew- 
kowitsch (/. S. C. /., ix. 842) has published results which appear to prove 
conclusively that the reaction with acetic anhydride is not so simple or 
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the figures so reliable as was supposed. Acetic anhydride appears to act 
on stearic acid to form stearic anhydride and acetic acid. After washing 
with water the stearic anhydride is but slowly hydrolysed by aqueous 
potash, but if dissolved in alcohol and titrated with caustic alkali, it 
undergoes immediate hydrolysis, and hence neutralises the alkali, just 
like stearic acid. This fact prevented Benedikt and Ulzer from dis- 
covering the change. The other higher fatty acids behave similarly. 
Lewkowitsch points out that, in the light of his researches, the presence 
of hydroxylated fatty acids (e.^., ricinolio acid) cannot be safely 
inferred unless the difference in the amount of alkali required for neu- 
tralising the fatty acids before and after treatment with acetic anhy- 
dride exceeds the limits of possible experimental error. He suggests 
that where the presence of hydroxylated acids is proved, the best 
method of estimating the amount will be to. saponify the acetylated 
acids with alcoholic potash, boil off the alcohol, acidulate with sul- 
phuric acid, distil off the acetic acid, and ascertain its amount by 
titration of the distillate. 

Separation of Acids of the Stearic Series from Fatty Acids of other 
Series. — The higher homologues of the stearic series of fatty acids being 
solid at ordinary -temperatures, while the fatty acids of other series (e.g., 
oleic, linolic, ricinolic) are liquid, a more or less complete separation 
can be effected by subjecting the mixture to filtration or pressure 
The latter plan is employed with considerable success on a large scale 
Crystallisation frora^iot alcohol also serves to free the solid fatty acids 
from those fluid at ordinary temperatures, but neither plan allows of 
the latter being obtained even moderately free from admixed solid 
acids, and such methods are quite useless for quantitative work. 

A general method by which stearic acid and its homologues may be 
separated from oleic and other liquid fatty acids, is based on the fact 
that the lead salts of the acids of the stearic series are almost insoluble 
in ether, while the corresponding compounds of the other fatty acids 
are soluble. Since the lead salts of the solid acids are not wholly 
insoluble in ether, and those of the drying fatty acids are not completely 
dissolved, the results are not strictly accurate. The best method of 
operating is probably that of Muter and De Koningh. Three grm. 
of the fat should be treated, in a flask furnished with a long tube, with 
60 C.C. of alcohol and a fragment of potassium hydroxide. The con- 
tents of the flask are heated to boiling till saponification b complete, 
when a drop of phenol phthale'in solution is added and acetic acid until 
the solution is slightly acid. An alcoholic solution of potassium 
hydroxide is then added drop by drop until a faint permanent pink tint 



FATTY ACIDS. 



247 



is obtained, when the liquid is slowly poured, with constant stirring, 
into a beaker containing a boiling solution of 3 grm. of neutral 
lead acetate in 200 c.c. of water. The solution is rapidly cooled and 
stirred at the same time, to induce agglomeration of the precipitate, and 
the clear liquid is poured off. The precipitate is well washed, by decan* 
tation, with boiling water and transferred to a stoppered bottle, in which 
it is treated with 120 c.c. of ether and allowed to remain twelve hours. 
(Wallenstein and Finck use a Drechsel gas-washing flask having the 
tube shortened about two-thirds, to contain the ethereal solution, and 
pass a current of hydrogen through it for about a 
minute. In the case of white fats the liquid is said 
to remain practically colorless at the end of twelve 
hours, but if free access of air is permitted, a dark- 
yellow solution is produced by oxidation.) Lead 
oleate, hypogeate, linolate or ricinolate will be dis- 
solved by the ether, leaving lead laurate, myristate, 
palmitate, stearate, and arachidate undissolved. 
Lead erucate is sparingly soluble in cold ether, but 
readily in hot. The contents of the bottle are 
filtered through a covered filter into a Muter separ- 
ating-tube (Fig. 10), 40 c.c. of dilute hydrochloric 
acid (1 : 4) added and the tube shaken till the 
clearing of the ethereal solution shows that the de- 
composition of the lead soaps is complete. The 
aqueous liquid, containing lead chloride and excess 
of hydrochloric acid, is run off through the bottom 
tap, water added, and agitated with the ether and 
the process of washing by agitation repeated until 
the removal of the acid is complete. Water is then 
added to the zero mark and sufficient ether to bring 
the ether to a definite volume (e.^., 200 cc). An 
aliquot portion of this (e.^., 50 c.c.) is then removed through the 
side tap and the residual fatty acid weighed after evaporation of the 
ether in a current of coal-gas or carbon dioxide. Another aliquot 
portion of the ethereal solution should be distilled to a small bulk 
(avoiding complete jcvaporation of the ether), alcohol added and the 
solution titrated with decinormal potassium hydroxide and phenol- 
pfathalei'n, from which the fatty acids may be calculated from the 
result, or their mean combining weight deduced therefrom. A third 
aliquot part of the ethereal solution should be evaporated at about 
60° C. in a flask traversed by a rapid stream of dry carbon dioxide. 
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When every trace of ether is removed; 50 c.c of Hiibrs iodine 8olatioB 
ghould be added, the stopper inserted and the liquid kept in absolute 
darkness for twelve hours, after which an excess of potassium iodide 
solution is added and 250 c.c. of water, and the excess of iodine ascer- 
tained wilb thiosulphate solution in the usual way. From the result 
the iodine value of the liquid fatty acids is calculated, and an opinion 
may be formed respecting the proportfons of oleic, linolic, and other 
unsaturated acids present 

The following table shows the results obtained with various fats and 
oils : — 



loDnvs NnicBER of 



Fat. 



Llqaid Ffttty 
Acids. 



Obsbbvxb 



Lard, Americftn 

t> »» 

„ Berlin 

,1 German 

„ Vienna 

„ Hungarian 

„ Roumanian 

>i 

Beef tallow!!!!!!!!!!!!!!..! 

„ ,f Australian 

„ „ Berlin 

„ „ Hungarian 

Cottonseed oil 

I» it • ••• 

„ ff American, white 

„ „ „ yellow 

fi ff Egyptian 

„ „ Peruvian 

Maise oil 

Nigerseed oil 

Arachis oil 

Rape oil 

Coconut oil . . '. 



65-4 
52-7 

60-9 
60-4 
59-6 



38-3 
45-2 
38-6 



108-0 
107-8 
106-5 
106-8 
122-0 
133-6 
08-9 
101-1 
8-0 



104-0 (highest) 
104-5 

96-6 

96-2 (highest) 

95-2 

96-2 

960 

93-0 (highest) 

940 (highest) 

90-0 

92-2 

92-4 

92-7 
135-0 
136-0 
147-5 
147-3 
146-8 
147-8 
140-7 
147-5 
128-5 
120-5 

54-0 



T. Raumer. 
Wallenstein and Finck. 

V. Raumer. 
Wallenstein and Finok. 



Muter and DeEoningh. 
T. Asboth. 

Muter and DcKoningh. 
Wallenstein and Finck. 



Muter and DeEoningh. 
T. Asboth. 
Wallenstein and Finok. 



If it be desired to estimate stearic acid and Us homoiogues, the lead 
soaps insoluble in ether should be detached from the filter and heated 
for some time with dilute hydrochloric acid, the liberated fatty acids 
being allowed to solidify, and then removed and weighed. The prod- 
uct may contain araehidie, dearie, palmitiCf myristic, and laurie acids, 
besides the less commonly occurring acids of the same scries. A modi- 
fication of the method specially suited for the determiuation of 
arachidjc acid is described on page 134. If it be found impossible to 
remove the whole of the fatty acids from the filter, the latter should 
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be treated with hot dilute hydrochloric acid, and then washed with a 
mixture of alcohol and ether, the fatty acids being recovered by 
evaporating the solution so obtained. 

Rose (J. S. C. Ly 1897, 306) recommends the following process: In 
preparing the fatty acids from the fat, great care must be taken to 
avoid oxidation. The fat is saponified with an alcoholic solution of 
potassium hydroxide, decomposed with sulphuric acid, cooled, and the 
fatty acids transferred to a graduated tube and shaken with an equal 
volume of ether. When clear, the amount of fatty acid is determined 
in a portion of the ethereal solution on evaporation, the residue being 
dried in a current of dry carbon oxide before weighing. A definite 
Tolume of the ethereal solution corresponding to about 1 grm. of 
the fatty acids is then transferred to a 100 c.c. flask, with an excess 
of lead oxide, diluted to about 80 c.c. with ether, and then allowed to 
stand in a cool place until the solution becomes strongly alkaline, which 
will require two to four days, with occasional shaking. The liquid is 
made up with ether to exactly 100 c.c. Fifty c.c. are passed through 
a small filter into a tared flask, the filter being kept full as long as 
possible, and then evaporated to dryness out of contact with the air. 
After weighing, the lead in the residue is determined as lead sulphate. 
Trial experiments with oleic acid gave very satisfactory results. 

Twitchell {J. S. C. I., 1895, 516) recommends the use of petroleum 
spirit volatile at 80® C.,in which lead stearate and palmitate are much 
less soluble than in ether, but considers Rose's method applicable only 
when the original fat is perfectly fresh. 

Halphen and Bishop (Analyst^ 1894, 282) recommend Sear's method of sepa- 
ration, as follows : — Ten grm. of the fatty acids are dissolved in 200 cc. of 
carhon disnlphide in a 200 cc. flask. To the solution 5 grm. of zinc oxide are 
added, the flask well corked, and shaken at intervals for six hoars. The solnhle 
zinc salts are separated from the insoluble by filtration. The filter is well washed 
with carbon disnlphide, the washings being added to the soluble salts in the 
tared flask. The carbon disnlphide is distilled off, and the residue dried for an 
hour at 90^, while a current of dry air is passed over them. The increase in 
weight shows the quantity of zinc salts furnished by the liquid part (^ the fatty 
acids. To estimate the combined zinc, 50 cc. of normal sulphuric acid are 
added, with constant shaking, until all the acids are liberated. The liquid in 
the flask, excluding the layer of &tty acid, is made up to 200 cc Bather more 
than 100 cc are removed with a pipette and filtered. 100 cc of the clear 
filtrate are then titrated with normal sodium hydroxide, from the result of 
which the weight of zinc combined with 100 grm. of the fatty acid can be cal - 
culated. This is also an index of the molecular equivalent of the acids. The 
iodine number is determined directly on the acids. 

The zinc salts soluble in carbon disnlphide, left on the filter, are decomposed 
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by boiling TFith hydrochloric acid and their iodine number taken. The solable 
zinc salts obtained from pure lard, beef snet, and mntton snet are of an amber 
color, while those derived from cottonseed oil acids or from lard adulterated with 
cottonseed oil are orange-red. 

Iodine nnmbers for the liquid fatty acids from various sources wero found as 
follows : American lard, 91*95 ; French lard, 86'61 ; beef tallow, 75-60 ; mutton 
tallow, 80-26 ; cottonseed oil, 129*03. 

Hehner and Mitchell have devised the fol lowing method for the 
determination of atearie acid: — Prepare a supply of alcohol saturated 
at 0^ C. with pare stearic acid or with stearic acid which only contains 
traces of palmitic acid. Dissolve from 0'5 to 1 grm. of the mixture 

of fatty acids to be examined, 
if these are solid, or about 5 
grm. if fluid, in about 100 
C.C. (exact measurement is 
not necessary) of the stearic 
alcohol solution. Leave this 
liquid in an ice-bath over 
night, agitate the mixture 
next morning and allow to 
stand in ice for a short time ; 
filter ofi* while the mixture 
remains in ice, wash with 
stearic alcohol solution at 0^ 
C, dry and weigh. Deter- 
mine the melting point of the 
product which should not 
be much less than 68*5"^ C. 
Since the sides of the interior 
of the flask, as well as the 
residue of crystallised stearic 
add retain a small amount of the alcoholic solution, a correction 
experimentally found to be 0005 grm. has to be applied, this amount 
being deducted from the total weight found. In their experiments 
the authors used methylated alcohol of specific gravity 'SISS, but 
obviously the exact strength is a matter of no consequence. 

For maintaining a constant temperature, Hehner and Mitchell used 
an ice-chest consisting of a metal box with sockets soldered to its sides 
to receive clamps for holding flasks, submerged to the neck in ice- 
water, in which the determinations were carried out. The metal box 
was fitted in a wooden box, and the space between the metal and wood 
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was packed with wool and sawdust, while a cushion of wool and flan- 
nel was placed between the lids of the metal and wooden boxes. 

For the preparation of the stearic solution about 3 grm. of pure 
stearic acid were dissolved in about a liter of warm alcohol of specific 
gravity 'S183, and the stoppered bottle containing the solution placed 
over night in the ice-water (which contained lumps of ice) in the 
chest, so that the bottle was submerged up to the neck. After twelve 
hours a considerable portion of the stearic acid had crystallised out 
The saturated mother-liquor was syphoned off without removing the 
bottle from the ice-water. The filtering syphon consisted of a small 
thistle funnel twice bent at right angles, fitting with its straight limb 
into a flask in connection with a suction pump. The bulb of the 
funnel, which was submerged in the ice-cold solution, was covered 
over with a piece of fine calico. On applying suction, a perfectly clear 
stearic solution was obtained, saturated at 0^ C, or, rather at 0*2® C, 
which was the temperature almost constantly shown by a standard 
thermometer. 

A precisely similar mode of filtration was also adopted in the quan* 
titative experiments on mixed fatty acids, the thistle funnel used being 
a miniature one, with a bulb not larger than about ) of an inch in 
diameter. (See Fig. 11 on opposite page.) 

Determination of Stearic Acid in Miscellaneous Fats. 





Takbm 
Orm. 


Iodine 
Number. 


Stearic Acid. 
0005 Grm. 


Pkrcentaob w 
Fatty Acids. 


Beef stearin , 


0-3024 

0-4174 

1-0107 

0-5192 

1-1100 

1-0035 

0-5000 

0-701 

0-9945 

1-0168 
0-0548 
5-4186 
5-0236 
5-5558 
1-0648 


20 
46-50 

4l'l9 
85-4 

22-87 

. • 

122' 
95-68 

. • 


0-1516 

0-2131 

0-2295 

0-1104 

0-2630 

0-2495 

0-0586 
no deposit 

00^34 
no deposit 

0-3878 
no deposit 
no deposit 
no deposit 
no deposit 

0-0751 
(M. P. 67° C.) 


50-19 

5105 

22 

21-26 

23-6 

24-8 

11-72 

3-3 

40-6 

• • 
7-0 




Oleomftrnrin. ••••.•........ 






Marsarin I 


marganni^... ...... ....... 


Horae*kidneY fat 


Cotton oil "iitearin" 

StiUinffia tallow 


Caoao butter 




Maiie oU 


Almond oil 


Olireoil , 


Eartbnatoil..... 





Numerous determinations of the stearic acid in butter were made. 
In many cases none, or a minute quantity only, was found. In some 
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cases pheDomeoa of supersatu ration apparently occurred. Ou the 
first examination in the morning the solution was perfectly clear, but 
afler shaking the contents and allowing to stand some time longer in 
the ice, a small but increasing quantity of crystals formed. 

The method appears to be inapplicable to the fatty acids from Japan 
wax. From mixtures of these with pure stearic acid, the latter conld 
only be recovered partially, and in some cases not at all. 

Other methods of separating oleic from stearic acid, or of deter- 
mining the former in mixtures of the two are described on page 262. 
A method for separating oleic from palmitic acid is also described on 
page 262. 

Separation of Fatiy Acids from Resin Adds. — As already pointed 
out, Twitchell's method has been found to be the most satisfactory (see 
page 107). 

SeparaUon of Fatly Aeids from Soaps^ Hydrocarbon Oils, Ac — ^The 
determination of the constituents of complex mixtures of fatty acids 
with neutral oils, hydrocarbons, &c., has already been described (see 
table on page 117). Small quantities of neutral fats contained in free 
fatty acids may be detected by dissolving the substance in hot alcohol 
and adding a few drops of strong ammonium hydroxide to the solu- 
tion ; in the presence of mere traces of neutral fat, the solution is 
rendered turbid. 

Palmitic Acid. 

jPVene&«»Acide palmitique. Oorman — Palmitinsaure. 
CeH„0,=C„H«CCX)H^ 

The glyceride of palmitic acid occurs largely in palm oil, Chinese 
tallow, the fat of coffee-beans, coconut oil, butter-fat, tallow, and lard. 
Palmitic esters of monatomic radicals exist in spermaceti, beeswax, 
and opium wax. 

Palmitic acid is conveniently prepared from palm oil, which should 
be saponified with potassium hydroxide, the solution of the resultant 
soap decomposed by dilute sulphuric or hydrochloric acid, and the 
liberated fatty acid purified from the accompanying oleic acid by re- 
peated crystallisation from hot alcohol, till the pressed crystals have a 
melting point of 62^ C.^ It is manufactured on a large scale by the 
reaction of potassium hydroxide upon oleic acid at a high temperature, 

1 Chittenden and Smith prepare palmitic acid from myrtle wax, which is said to con- 
tain only lanric acid in addition. By repeatedly crystallising the separated fatty acids 
from hot alcohol, pure palmitic acid, melting at 62*', is readily obtained. 
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or by saponifying palm oil and preesing the fatty acids obtained. The 
product is commonly^ but improperly, called " palmitine." 

Palmitic acid is a white substance, melting at 62^ C. to a colorless oil, 
which solidifies on cooling to a white, finely crystalline mass. It is in- 
soluble in water or dilute acids, but is soluble in alcohol, ether, carbon 
disulphide, hydrocarbons, and fixed oils. It cannot be distilled with- 
out decomposition undAr the ordinary pressure, eyen in the absence of 
air ; but under a pressure of 100 mm. of mercury boils constantly at 
268*5^, and distils practically unchanged. 

Palmitic acid is but slightly soluble in cold alcohol. Hehner and 
Mitchell {Analyd^ 1896, 323) have found 100 c.c. of methylated alco- 
hol (94*4 per cent by vol.) to dissolve th^ following quantities after 
being kept at 0^ C. for the time stated. 



KO. OP HOUBS. 


Gbk. Dxssolvxo. 


Ko. 


OF H0UB8. 


Grm. Dnsoiiyxo. 


12 


1-298-1-320 




108 


1-086 


36 


* 1-244 




132 


1044 


60 


1-21) 




156 


1028 


84 


M34 









The hot alcoholic solution has an acid reaction, and on cooling deposits 
the acid in tufts of small white needles. 

Crystallisation from hot alcohol may be employed to separate pal- 
mitic acid from oleic acid, and, if repeated sufficiently often, from its 
lower homologues myristic and kturic acids. Mixtnres of palmitic acid 
with certain proportions of myristic or lauric acid are, however, said 
to be incapable of analysis by fractional crystallisation from alcohol or 
ether. Mixtures of these homologous acids in certain proportions melt 
at a lower temperature than either acid separately. The method of 
ascertaining the composition of such mixtures, including those con* 
taining stearic acid, is described on page 241 et seq^ 

A method of separating palmitic acid from oleic and linolic acids 
and their homologues is given on page 246.^ A method of separating 
palmitic and oleic acids, which is useful for analysing the product 
obtained by saponifying palm oil by the autoclave process, is described 
on page 262. Commercial palmitic acid may be examined in the 
same manner as stearic acid. 

Metallic Palmtfateb. — These present the closest resemblance to 

^ Chittenden and Smith {Aner. Ohem, Jour., vi. 217) find that the preeenoe of free 
aoetie acid increases the soltbility of barium, magnesium, and lead palmitates in aleohol 
to snoh an extent as to render the separation of the acid in these forms incomplete. 
Further, the precipitates undergo partial decomposition when washed, either with water 
or with alcohol containing aoetie acid. 
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the corresponding stearates (page 256 et seq.), and require but little 
separate description. Barium, magnesium, and lead palmitates are 
more readily soluble in alcohol, especially in presence of acetic acid 
than are the corresponding stearates. 

Adipocere, a wax-like substance found in large quantity in corpses 
buried under certain conditions, b said to consist largely of palmitic 
acid mixed with potassium and calcium palmitates. 

Aluminium Palmitate may be prepared in a manner similar to the 
corresponding oleate. It is an elastic amorphous mass, insoluble in 
water, but dissolving in petroleum spirit and oil of turpentine to form 
very viscid solutions which have found applications as varnishes. The 
film of aluminium soap left on evaporation retains its elasticity, and 
is odorless and impervious to water (see J, S. C. J., 1882, 278). 
Aluminium palmitate has some practical interest as an ingredient of 
" oil pulp " or " thickener." 

Palmitic Esters. — ^These present a close analogy to the corre- 
sponding stearates. 

Tritenyl Palmitaiea or Palmitim . are obtainable synthetically by 
means similar to those employed for the preparation of the stearins. 
Chittenden and Smith (^Amer. Chem, Jour., vi. 217) have given the 
following data : — 





MONOPALMITlir. 


DiPALMlTiy. 


PALMinV. 


100 parU of absolute alcohol, at 
20-210 C, dissolve, . . . . - 


4135 


0-210 


0005 


Appearance of fat deposited 
from alcobolic solution, . . . 


Small spherules, 
sljowlng no distinct 
crystalline form. 


Long curved 
needles. 


Groups of irregular 
crystals. 


Appearance of fat deposited 
from etbereal solution, . . . 


Rhombic plates, 
either single or in 
branches. 


Warty masses. 


Irregular doubly 
curred bodies, sin- 
gle and crossed in 
groups. 


Melting point ;«€., . . . . . 


63*0 


ei'O 


62-G4 


Solidifying point ;OC 


62-6 


67-0 


45-5-47 



An isomeric modification of dipalmitin was obtained melting at 49^ 
C. and solidifying at 47® to 48®. There was also obtained a very 
stable mixture of one part of palmitin with three of dipalmitin. This 
product crystallised from alcohol in bunches of needles, which. melted 
at 68® to 69® and solidified between 64® and 67®. 
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Stearic Acid. 

French — Acide st^arique. Oennan — Stearinsiiure; Talgsaure. 
C,«H«0, = CnHjiCOOH. 

The tritenyl ester of this acid occurs extensively ia nature, especially 
in the harder fats of the animal kingdom, such as mutton and beef suet. 

Stearic acid may be prepared pure by saponifying tallow with 
potassium hydroxide, decomposing the solution of the resultant soap 
with a dilute acid, and purifying the liberated fatty acids from oleic 
acid by crystallisation from hot alcohol. The pressed crystals consist 
essentially of a mixture of stearic and palmitic acids. It should be 
purified byrecrystallisation,and 4 parts dissolved in such a proportion 
of hot alcohol that nothing will separate out on cooling to 0^. A solu- 
tion of 1 part magnesium acetate in boiling alcohol is added and the 
liquid allowed to cool, when magnesium stearate will separate (page 
241). The precipitate is filtered off, washed with cold alcohol, boiled 
with water and hydrochloric acid, and the purity of the resultant 
stearic acid proved by a careful determination of the melting point, 
which should be 69*2^ C. 

The commercial product commonly termed '^stearine'' really consists 
essentially of a mixture of free stearic and palmitic acids, and may be 
conveniently employed for the preparation of pure stearic acid, instead 
of tallow or other fat. The "stearine" may be at once dissolved in 
hot alcohol and the solution precipitated with magnesium acetate as 
above described. Commercial stearine often contains a considerable 
admixture of paraffin wax or other hydrocarbons, the absence of which 
should be proved before employing the substance for the preparation 
of stearic add. 

Shea-butter, when obtainable, may be conveniently employed as a 
source of stearic acid, as the fatty acids produced by its saponification 
consist solely of stearic and oleic acids, which can be separated per* 
fectly by repeated crystallisations from hot alcohol. 

Stearic acid presents the closest resemblance to palmitic acid, the 
following being the most tangible distinctions: — 

Palmitic Acid. Stearic Acid. . 

Melting point 62-0° C. 69-2<> C. 

Boiling point, under 100 mm. pressure 208-5° C. 287* C. 

Solubility in cold absolute alconol 9*3 per cent. 2*5 per cent. 

Manner of crystaUisation from alcohol Tufts of small Nacreous lam- 

white needles. ino9, or noo- 
dles. 

Behavior with magnesium acetate See page 241 . See page 24 U 

Melting ]ioiDt of lead tfoap 108^-1129 C. 125<^ G. 
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Id the analysis of natural oils and fats, the palmitic and stearic 
acids are usually obtained together, the oleic acid being separated by 
treating the lead soaps with ether, as described on page 246. In the 
mixture of palmitic and stearic acids thus obtained, the proportions of 
the two constituents can be approximately determined by one of the 
methods described on page 240 et aeq,, but the rigidly accurate analysis 
of such mixtures is not at present possible. 

Commercial Stearic Acid varies much in quality and appearance 
according to its source, but usually consists of a mixture of stearic 
acid with more or less palmitic and, sometimes, oleic acid. Hydro- 
carbons and unsaponified fat may also be present, but the proportion 
of these impurities is seldom large. The method of assay is similar 
to that employed for oleic acid, with the addition of a determination 
of the solidifying point by method d, page 37, from which the relative 
proportions of stearic and palmitic acids in the sample can be deduced ; 
or, in the absence of hydrocarbons and unsaponified oil, the propor- 
tions of stearic and palmitic acids can be deduced from the results of 
the titration with standard alkali (page 242). The proportion of oleic 
acid may be ascertained by multiplying the iodine-absorption by I'll 
(page 237). 

Metallic Stearates. — ^Stearic acid forms a well-defined class of 
salts, all of which, with the exception of those of the alkali-metals, 
are insoluble in water, and mostly in alcohol and ether. 

The stearates present very close resemblances to the palmitates, the 
chief tangible points of distinction being the more ready solubility of 
magnesium palmitate in alcohol and the different melting points of 
the lead salts. Lead palmitate melts at 108° according to Maskelyne, 
and between 110^ and 112° according to Heintz; while lead stearate 
melts at 125°. Palmitates and stearates may also be distinguished 
by the melting points and combining weights of the liberated fatty 
acids. 

Potassium Stearate, KCisHjsOa, may be prepared by saturating a hot 
alcoholic solution of stearic acid with alcoholic potash, using phenol- 
phthale'in as an indicator of the point of neutrality. On concentrat- 
ing the solution and allowing it to cool, the potassium stearate crys- 
tallises iu shining needles or laminre. It also separates on cooling a 
solution of 1 part of stearic acid and 1 of caustic potash in 10 parts 
of water. The opaque granules formed may be purified by crystal- 
lisation from alcohol. Or a boiling alcoholic solution of stearic acid 
may be mixed with an excessof a boiling aqueous solution of potassium 
carbonate, the liquid evaporated to dryness, the residue exhausted with 
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boiling alcohol, and the filtered solution allowed to cool, when crystals 
of potassium stearate will be deposited. 

Potassium stearate dissolves in about ten times its weight of water 
at the ordinary temperature, forming a mucilaginous mass. On heat- 
ing the solution it becomes clear, and if diluted with a large proportion 
of cold water an add stearate of the composition KCi8H»0s,HC^Hn0s 
separates out in delicate, white, pearly laminss, while a basic stearate 
remains in solution. An analogous decomposition by excess of water 
is suffered by other alkali-metal salts of the higher fatty acids, and is 
a leading cause of their application as soaps. 

Ammonium Stearate, NH^GmHuO,, is obtained as a crystalline mass 
by incorporating strong ammonium hydroxide with melted stearic 
acid, and keeping the product over sulphuric acid till the excess of 
ammonia has evaporated. On further keeping in this manner, it grad- 
ually loses ammonia. (Wright and Thompson.) 

Sodium Stearate, NaCiBHsgO,, resembles the potassium salt, but is 
harder. It is decomposed in a similar manner, but with greater 
facility, by excess of water, and is less soluble in alcohol than potassium 
stearate. Sodium stearate may be separated from sodium palmitate 
by fractional crystallisation from hot alcohol. 

Barium and Calcium Stearatea are crystalline precipitates insoluble 
in water. The magjiesium salt is similar, but soluble in boiling alcohol 
(see page 255). 

Lead Stearate, Pb(Ci8Hs50,)2, as prepared by double decomposition, 
forms a white amorphous powder, melting at 125^ C. to a colorless 
liquid, which solidifies on cooling to an opaque amorphous mass. It 
is insoluble in water, alcohol, ether, or petroleum spirit. In these 
characters it is simulated by lead palmitate, myristate, arachidate, 
Ac., but the lead salts of oleic acid and its homologues, as also of 
linolic and ricinolic acids, are soluble in ether and petroleum spirit. 

Steario Esters. — Ethyl Stearate, C|H5.Ci8HttOs, is prepared by pass- 
ing hydrochloric acid gas into a solution of stearic acid in absolute 
alcohol. It is also formed by boiling tristearin with sodium ethylate, 
or with a quantity of alcoholic potash insufficient for its complete 
saponification. Ethyl stearate is a crystalline, easily fusible, wax-like 
solid, readily soluble in alcohol and ether, aod boiling at 224^ C. with 
partial' decomposition. 

Triienyl Stearates are obtainable synthetically by heating together, 
under pressure, suitable proportions of stearic acid and glycerol. 
Products containing either one, two, or three molecules of the steario 
radicle are thus obtainable. 
VOL. II.— 17» 
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Monostearin and distearin do not appear to occur naturally, but 
tritenyl iristearate is identical with the stearin which, in admixture 
with palmitin, constitutes the less fusible portion of solid fats. For 
brevity, tritenyl stearate is frequently called '' stearin." It is not identi- 
cal with commercial "stearine," which is a mixture of free stearic 
and palmitic acids obtained by the saponification of the neutral fats. 

Stearin forms white, shining nodules, fine needles, or pearly lamin» 
resembling spermaceti. It is tasteless, neutral, and volatile almost 
without decomposition in a vacuum. Heated to a high temperature, 
it decomposes and gives off an offensive odor of acrolein. It appears 
to exist in two isomeric modifications. As crystallised from ether it 
has a melting point of 71*6^. If the crystals so obtained be heated 
four degrees or more above the melting point, they are converted jnto 
a modification which solidifies to a waxy mass at 52^ G. and melts at 
55^. If 'the latter be reheated a few degrees above the melting point, 
the. original substance, melting at 71*6^, is obtained. 

Stearin is insoluble in water and nearly insoluble in rectified spirit. 
In boiling absolute alcohol it dissolves freely, and is deposited in flocks 
on cooling. Stearin also dissolves readily in boiling ether, but the 
liquid retains less than i per cent, on cooling. It is readily soluble in 
fixed and volatile oils, and in carbon disulphide. When heated in a 
vacuum, it distils almost unchanged, but under the ordinary pressure 
it is decomposed with formation of carbon dioxide, acetic acidj water, 
free carbon, and olefins of boiling points ranging from 190** to 245^. 

Pure stearin does not change on exposure to air at the ordinary 
temperature. When impure, it is liable to become rancid, apparently 
owing to the presence of olein. Stearin readily undergoes saponifica- 
tion when heated with alkalies or other strong bases, with formation 
of a metallic stearate and glycerol. 

Oleic Acid. 

French — Acide oliSique. German — Oelsaure. 
C«H3A = C„H33COOH. 

Oleic acid is one of the most widely distributed fatty acids, occur- 
ring as an ester in most non-drying fixed oils, especially almond and 
olive oils, and in smaller proportion also in solid fats, such as lard, 
palm oil, butter, and goose fat. 

For the preparation of pure oleic acid an oil rich in olein, as 
almond or olive oil, is saponified by alkali, the soap dissolved in water 
and decomposed by excess of dilute hydrochloric or sulphuric acid. 
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White Castile soap may be employed as the starting-point, thus saving 
the trouble of saponifying. The use of commercial oleic acid is not 
to be recommended, owing to the frequent presence of hydrocarbons. 
The liberated fatty acids are separated from the aqueous liquid, and- 
heated for some time on the water-bath with about 1 part of finely 
ground lead monoxide for every 20 parts of oil taken for the opera- 
tion. Excess of lead oxide should be avoided, as it occasions the 
formation of a basic oleate, which is subsequently treated with diffi- 
culty. The proportion of lead oxide prescribed is insufficient to com- 
bine with all the fatty acid, but the result is merely that a portion 
of the oleic acid remains in the free state, while the more powerful 
palmitic and stearic acids form lead salts. 

The product is next treated with about twice its measure of ether, 
which dissolves the lead oleate and free oleic acid, and leaves the^ lead 
palmitate and stearate unchanged. The solution is separated from the 
insoluble salts, and hydrochloric acid added until the aqueous liquid 
has a strongly acid reaction even after shaking. The lower layer now 
contains lead chloride, while the ether retains the oleic acid. It is 
separated from the acid liquid, washed by agitation with water, and 
the ethereal layer removed and the ether evaporated off as rapidly and 
at as low a temperature as possible. 

According to E. G. Saunders, rectified spirit may be advantageously 
substituted for the ether prescribed in the above process. 

The oleic acid obtained by the foregoing process is apt to retain a 
little coloring matter and products of oxidation. To remove these, 
Bromeis recommends that it should be cooled below its solidifying 
point, and subjected to strong pressure between folds of filter paper. 
The residual oleic acid is melted, again cooled, and the purification by 
pressure repeated. Another method of purification consists in dis* 
solving the oleic acid in ammonia, precipitating the solution by barium 
chloride, purifying the barium oleate by crystallisation from alcohol, 
and then decomposing it with tartaric or other suitable acid. 

Pure oleic acid is a colorless, odorless, tasteless oily liquid, having 
a specific gravity of '897 at 19° C, and -876 at 100'' C. When cooled 
to about 4° C. it solidifies to a white crystalline mass, and on cooling 
its hot alcoholic solution is deposited in white needles, which melt 
at 14° C. 

Pure oleic acid is not altered by exposure, and is free from acid reac- 
tion ; but the impure substance gradually absorbs oxygen, becomes 
yellow, and acquires an aeid reaction and a rancid taste and smell. 
The altered product has a lower melting point than the pure acid. 
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Oleic acid is much thinner than the neutral fixed oils, and is les^ liable 
to leave a greasy stain. When applied to the skin it wets it almost 
like water, and is very rapidly absorbed. 

Oleic acid is insoluble in water, but dissolves with facility in aIcohol» 
ether, carbon disulphide, chloroform, and hydrocarbons, and is also 
miscibje with neutral fats and essential oils. The solution of oleic acid 
in alcohol usually has an acid reaction to litmus, a fact said to be due to 
the presence of impurities. It turns milky when largely diluted with 
spirit, but the turbidity disappears on adding a few drops of hydro- 
chloric acid. Oleic acid dissolves in ammonium hydroxide and solu- 
tions of caustic alkalies to form oleates, from which others may be 
obtained by double decomposition. 

Oleic acid may be distilled in a vacuum, or in a current of super- 
heated steam at 250^ C, without material alteration ; but if distilled 
with contact of air it is partially decomposed, with formation of carbon 
dioxide, hydrocarbons, acetic, caproic, caprylic, capric, sebacic, and 
other acids. 

Sebacic Acid, CwHiaOi = CgHnCCOOH),, is also produced when 
oleic acid is rapidly heated with excess of caustic alkali. Its forma- 
tion is a characteristic test for oleic acid and its immediate homologues. 
To aetect it the alkaline residue should be treated with boiling water, 
and the liquid acidulated with acetic acid, again boiled, and filtered 
hot. The filtered liquid will, on cooling, deposit brilliant needles of 
sebacic acid, melting at 127^ C, and soluble in 1000 parts of cold or 
60 of boiling water. 

When more strongly heated with caustic potash, oleic acid yielda 
palmitate and acetate of potassium and free hydrogen, secondary prod- 
ucts being also formed. The temperature necessary for this reaction 
is about 300^ to 320° C. The process is commercially employed for 
the production of palmitic acid. The following formula expresses the 
main reaction which occurs : ^ — 

QsHs^O, + 2KH0 = KC«H,iO, + KC,H ,0, 4- H,. 

Oleic acid combines with a molecule of bromine to form dibromo- 
stearic acid, C,8H84Br202, as a yellow viscous oil having a fruit-like 
odor. Oleic acid also reacts in a perfectly definite manner with 
Hubl's reagent, and may be determined by that means. 

' Small quantities of sebacic acid, caproio acid, caprylio aloohol and other bodies are 
also produced. The details of this process of manufacturing palmitic acid, for which 
nearly all fatty bodies, except mare's grease and suint fat, are available, have been de- 
scribed by lY. Lant Carpenter (/. S. C. /., 1883, 08). 



FATTY ACIDS. 261 

Oleic acid is dissolved by concentrated sulpburic acid, a conjugate 
acid being formed which has been used in Turkey-red dyeing and 
calico-printing. 

Strong nitric acid oxidises oleic acid, with formation of acids of the 
acetic and oxalic series (including succinic acid). 

By oxidation with potassium permanganate in presence of an excess 
of caustic potash oleic acid yields dihydroxy stearic acid, CnH8s(0H)t.- 
COOH, a crystalline body melting at 136-5*', and solidifying at 11 9** 
to 122°. 

When oleic acid is heated to 200° or 210° C. in a sealed tube with 
amorphous phosphorus and fuming hydriodic acid, it assimilates 
hydrogen, and is converted into stearic acid, CisHmOs. 

When the red fumes generated by acting on nitric acid by starch or 
arsenious oxide, or by a mixture of sulphuric acid and sodium nitrite, 
are passed for a short time into oleic acid carefully kept cold, the 
liquid gradually thickens, and in the course of an hour or so solidifies 
to a crystalline mass of an isomer of oleic acid called ela'idic acid. It 
may be purified by agitation with boiling water, followed by crystalli- 
sation from alcohol. 

Elaidio Acid, GisHmOs, then forms large pearly plates, resembling 
benzoic acid, melting at 45°, and distilling almost unchanged. In 
the solid condition it is unchanged in the air, but in the fused state it 
readily absorbs oxygen, becoming yellow and pasty, and acquiring an 
odor like that of poppy oil. With bromine, fused potassium hydroxide, 
and phosphorus and hydriodic acid,'elaidic acid behaves like oleic 
acid. Elaidic acid has a strong acid reaction, and forms a series of 
well-defined salts, all of which, if neutral, are said to be insoluble in 
water. Sodium elaidate, CisHjjNaOa, crystallises from alcohol in 
silvery laminae, and the potassium salt in glistening needles. The 
barium and lead salts are white precipitates. 

The property of forming an isomer of higher melting point under 
the influence of nitrous acid is not peculiar to oleic acid. It is 
exhibited ako by its olein, by its homologues hypogeic, deglic, and 
erucic acids, by ricinolic acid, but not by the fatty acids characteristic 
.of the drying oils. 

Determination op Oleic Acid. 

When occurring in the free state and unmixed with other acids, 
oleic acid may be conveniently and accurately determined by titration 
with standard alkali (page 104). In presence of acids of the stearic 
series it may be titrated with Hiibl's solution, each 1 c.c. of decinormal 
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iodine absorbed corresponding to 00141 grm. of oleic acid. The 
determination of oleic in presence of linolic acid is described on page 
237. 

Oleic acid may be determined gravimetrically when in admixture 
with acids of the stearic series by utilising the solubility of its lead 
salt in alcohol, ether, or petroleum spirit, in the manner described for 
its preparation (page 259). The best method of applying the principle 
for analytical purposes is described on page 246. 

According to F. Sear, palmitic and oleic acids can be separated 
by heating the mixture with excess of zinc oxide and digesting the 
product in the cold with carbon disulphide (see page 249). 

A process for the sepaitition of oleic and stearic acids bas been devised by 
J. David. It is based on tbe solubility of oleic acid in a liquid containing 
certain proportions of alcobol, water, and acetic acid, and tbe insolubility of 
stearic acid in tbe same mixture. Wbetber palmitic acid bebaves like stearic 
acid is not stated. The solvent is prepared by adding 22 measures of a mixture 
of equal volumes of glacial acetic acid and water to 30 measures of alcohol of 
'617 specific gravity. The correctness of this mixture is tested by agitating 5*2 
c.c. with! c.c. of pure oleic acid. Complete solution of the latter should take 
place, and the fatty acid should wholly separate on adding 0*1 c.c more of the 
mixture of equal volumes of acetic acid and water. If this separation does not 
take place, the proportions must be varied until the mixture is sufficiently sen- 
sitive. It is kept in a well-closed bottle, in contact with fine shavings of 
stearic acid. 

The analysis is performed by treating 1 grm. of the sample of free fatty 
acids in a finely divided state with 16 cc of the solvent mixture. Tbe tube is 
closed, agitated several times, and then set aside for 24 hours at a temperature 
not exceeding 15^ C. The liquid is then filtered, air being excluded, and the 
residue is washed several times with the solvent mixture. The stearic acid can 
be dissolved off the filter with ether, and the oleic acid recovered from the solu* 
tion by neutralising it, evaporating to a small bulk, adding hydrochloric acid, 
agitating with ether, and evaporatipg the ethereal solution at 100® C. 

A method for the approximate estimation of oleic and solid fatty 
acids in tallow is described on page 172. 

Commercial Oleic Acid. 

Commercial oleic acid is obtained by subjecting to hydraulic 
pressure the mixture of fatty acids produced by the saponification 
of tallow, palm oil, and similar fats. The expressed liquid, techni- 
cally known as " red oil," contains a considerable quantity of palmitic 
and stearic acids, which separate out on keeping the red oil for some 
time at a low temperature. 

When faU are saponified by the autoclave process, the products 
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often contain a considerable proportion of unsaponified fats. In con- 
sequence of the comparative facility with which palmitin and stearin 
are saponified, the unaltered fat consists chiefly or wholly of olein, 
which, owing to its low melting point, becomes concentrated in the 
oleic acid expressed from the crude product. Saponification under 
high pressure always tends to cause more or less decomposition of the 
higher fatty acids, and, when actual distillation has been resorted to, 
notable quantities of acetic, suberic, and sebacic acids are formed, and 
the two latter will remain with the oleic acid, together with certain 
hydrocarbons, apparently belonging to the parafiSn series, which are 
always simultaneously produced. 

Commercial oleic acid, which is frequently, but improperly, called 
"oleine," varies considerably in properties and composition. It is 
sometimes a clear liquid, ranging in color from dark brown to pale 
sherry, while other specimens are quite pasty from separated solid 
fatty acids. By distillation in a current of steam, oleic acid may be 
obtained wholly free from color, but possessing An acrid odor from 
the formation of decomposition- products. Undistilled oleic acid 
usually retains an odor suggestive of its origin. The specific gravity 
is also variable, ranging from about *887 to '908, or even more, ac- 
cording to the proportions of hydrocarbons, neutral oils, and solid 
fatty acids which happen to be present. 

Mineral acids are sometimes present in sensible quantity in com- 
mercial oleic acid. They rarely interfere with its applications, but if 
necessary may be detected and estimated as on page 104 ; or by titrat- 
ing the alcoholic solution with alkali and methyl-orange. 

The presence of an abnormal proportion of oxidation and secondary 
products of an acid character is indicated by agitating 50 c.c. of the 
oleic acid with 1 c.c. of a 10 per cent, solution of ammonia and 50 c.c. 
of water. Both the oleic acid and the aqueous liquid should by this 
means be deprived of any acid reaction of litmus. 

The presence of palmitic or stearic acid in commercial oleic acid 
may be detected by saponifying the sample with alcoholic potash, 
adding a drop of phenolphthale'in solution, and then acetic acid, drop 
by drop, until the pink color is just destroyed. The liquid is then 
filtered, mixed with twice its weight of ether, and an alcoholic solution 
of lead acetate added. Any white precipitate may consist of stearate 
or palmitate of lead, and may be filtered off, washed with ether, de- 
composed with dilute hydrochloric acid, and the liberated fatty acids 
weighed. All ordinary commercial oleic acid will indicate the 
presence of foreign fatty acids when examined in this manner. 
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Neutral fats will be indicated by the gradual separation of oily 
drops when equal measures of the sample and of alcohol are heated to 
25^ C. for some time, while a pure acid will give a clear solution when 
thus treated. A very delicate test for neutral fats in oleic acid is 
described on page 252. 

The presence of neutral fixed oils or hydrocarbon oils can also be 
inferred from the diminished proportion of alkali required, when the 
sample is titrated as on page 105. Five grm. of pure oleic acid 
will require 35'47 c.c. of seminormal caustic alkali, corresponding to 
19*9 per cent, of KHO, and a combining weight of 282. Hence the 
percentage of oleic acid in the sample may be found by dividing the 
percentage of KHO required by 0*199. Any admixture of palmitic 
acid will increase the amount of alkali required. 

The neutralised liquid resulting from the last process may be 
treated with a known amount of standard alcoholic potash, and ex* 
amined by Koettstorfer's process, when each 1 c.c. of additional semi- 
normal alkali neutralised will indicate the presence of 0*145 grm. 
of neutral fixed oil in the sample. 

The liquid left after the second titration may be evaporated with a 
further quantity of alcoholic potash, the residual soap dissolved in 
water, and the solution agitated with ether, as described on page 113. 
The ethereal solution is then separated and evaporated, and the 
uniaponifiable matter weighed. 

In the case of an oleic acid obtained by distillation of an ordinary 
fat with superheated steam, the unsaponifiable matter or ether-residue 
obtained in the last process consists of hydrocarbons presenting the 
closest resemblance to those contained in the lubricating oils manu* 
factured from petroleum and bituminous shale. Hence no means 
exist at present by which an intentional addition of a moderate pro- 
portion of hydrocarbon oil to oleic acid can be positively detected. 
According to the experience of the author, the hydrocarbons normally 
present in distilled oleic acid range from 3 to 7 per cent. ; and there* 
fore any proportion notably in excess of the latter figure may be at- 
tributed to an intentional sophistication of the product with mineral 
or shale oil. The addition of these adulterants to oleic acid is exten- 
sively practised, although their presence greatly reduces the suitability 
of the oleic acid for one of its most important applications, which is 
that of greasing wool during the process of spinning. Any admixture 
of hydrocarbons reduces the property of ready saponifiability for 
which oleic acid is chiefly valued. 

The foregoing statement respecting the proportion of unsaponifiable 
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matter present in distilled oleic acid applies to a product obtained by 
saponifying pure substances. Wool grease and the grease obtained by 
treating with acid the soapy liquors in which wool has been washed 
are much more impure articles. Besides the hydrocarbons formed on 
distilling such greases, the distilled product is liable to contain actual 
petroleum or shale products used in the wool-spinning, either inten- 
tionally or as adulterants of other oils, petroleum employed for anti- 
septic purposes on the living sheep, and cholesterol and other unsaponi- 
fiable matters contained in the "suint" or wool fat. Hence, an esti- 
mation of the " unsaponifiable matter " in such low-class oleic acids 
cannot be regarded as a reliable indication of the extent to which they 
have been adulterated by an actual addition of hydrocarbon oil. 
Some indication of the origin of the unsaponifiable matter may be 
obtained by treating the ether-residue with thrice its volume of recti- 
fied spirit, when the measure left undissolved may be regarded as 
indicating roughly the hydrocarbons present, while the cholesterol and 
solid alcohols from sperm or bottlenose oil pass into solution. (See 
«Wool Fat.") 

The following table exhibits results obtained in the author's labora- 
tory by the examination of specimens of commercial oleic acid of 
very different qualities. The " free fatty acids " were determined by 
titration with standard alkali, and calculated to their equivalent of 
oleic acid ; but in the case of the semi-solid samples containing much 
palmitic acid the result thus obtained is necessarily in excess of the 
truth. The percentage of ether- residue shows the "hydrocarbons, 
&c.," in the samples, while the esters were in some cases determined 
indirectly, in other cases calculated from the result of Koettstorfer's 
saponification process, and in others deduced from the difference 
between the free fatty acids of the original sample and the total fatty 
resulting from its saponification. The samples and ether-residues to 
which an /is a£Sxed were noted as being distinctly fluorescent: — 





A. 


B. 


C. 


D. 


E. 


F. 


G. 


H. 


I. 


CondiUon, . « . . 

Color, 

Specific graTity, . 

Free fatty adds. . 

Hydrocarbons, Ac. 

Esters, direct, . . 

„ by difference. 


Clear 

Pale 
brown 

•8996 

96-3, 
1-3 

'2-5 


Clear 

Pale 
brown, 

• • 

93-8/. 
Z'Oy. 

2.3 


Fluid, 
with 
slight 
deposit 
Brown 

•9055 

80-3 
2-2 

17-5 


Semi, 
solid 

Brown 

•9085 

837 
2-9 
13-4 
170 


Sfemi- 
solid 

Pale 
brown 

•9014 

962 
4-8/ 

•. • 


Con- 
tained 
much 
solid 
Pale 
brown, 

•^7 

84-5 
10-3 
3-3 
20 


89-4 
20 

*8-6 


Fluid 

•8894 

77-2 
2G'8 

*4b 


Clear 

Sherry 
brown, 

•9083 

65-3 

35-9/. 

11-6 

8-8 
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The first four samples were manufactured by the autoclave process, 
A and C being derived from tallow. E and F were probably auto- 
clave products, the latter being of French manufacture. G was ob- 
tained from tallow by lime-saponification, and H and I were probably 
distilled oleins from recovered grease. 

Granval and Valser (J. Pharm. Chim., 1889, 232) have drawn atten- 
tion to the fact that commercial oleic acid is sometimes adulterated with 
the acids from linseed oil. Such samples have a specific gravity of 
from *912 to *919 and do not dissolve completely in nine measures of 
rectified spirit. Shaken with an equal volume of sodium hydroxide 
solution, the mixture turns intensely yellow ; pure oleic acid becomes 
grey. If the linseed-oil acids be present in considerable proportion, 
they may be detected by the high iodine number. Hazura (J. S. C. L, 
1889, 641) adopts the following method : — 50 grm. of the sample are 
saponified on the water-bath with dilute alcoholic potassium hydroxide. 
The potash soap is freed from alcohol and dissolved in 1000 c.c of 
water. This strong alkaline solution is gradually mixed with 1000 c.c. 
of a 5 per cent, solution of potassium permanganate. After i to 1 hour, 
the manganese oxide is filtered ofi*, the filtrate acidified with sulphuric 
acid, and again filtered. The filtrate thus obtained is neutralised with 
potassium hydroxide, concentrated to about 300 cc, and again acidified 
with sulphuric acid, which produces a precipitate. The acid liquid, 
without removing the precipitate, is shaken with ether. If the precipi- 
tate dissolves in ether, it consists of azelaic acid (CHmCCOOH),) and 
the original oleic acid is free from linseed-oil acids. If it does not 
dissolve, it is filtered ofiT, recrystallised several times from water or 
alcohol, with the addition of animal charcoal, and, after air-drying, 
its melting point determined. If this be above 160^ C, linseed-oil 
acids are undoubtedly present 

SuLPHOLEic Acid. 

When a non-drying fixed oil is cautiously treated with strong sul- 
phuric acid, complex reactions occur, the precise nature of which 
depends on the conditions of the experiment. P. Juillard («/. S. C. /., 
1 894, 820) states that olein treated in the cold with sulphuric acid yields 
two acids,— one monobasic, the other dibasic, — which appear to be 
addition products of sulphuric acid and olein. They are soluble in water. 
Oleic acid treated with sulphuric acid produces at first hydroxystearo- 
sulphuric acid, H(HSOs)Gi8H840s, from which is formed hydroxvstearic 
acid, HCigHjiCHOO,. 

Metallic Oleates. — These form a well-defined series of salts. 
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many of which have received practical applications. Thej may be 
obtained by dissolving the metallic oxide of which the oleate is re- 
quired in warm oleic acid ; but such a method does not give com- 
pounds of very definite composition. A preferable plan is to pre- 
cipitate an aqpeous solution of sodium oleate with a neutral solution 
of the salt of the metal of which the oleate is required. Zinc, alumi- 
nium, iron, lead, copper, bismuth, and other oleates, are readily ob- 
tained in this way, and have received considerable application in 
medicine. 

These oleates are readily analysed by agitating them with ether and 
a dilute mineral acid, which should be sulphuric, hydrochloric, or 
nitric^ according to the metal present. The metals pass into the 
dilute acid liquid, and may be determined by the ordinary methods of 
mineral analysis. The oleic acid formed from the oleate is dissolved 
by the ether, and may be weighed after evaporating off the solvent. 
Any free oleic acid, neutral fat, or hydrocarbon (e.^., vaseline) 
which may have been present in the original substance will also be 
found in the ether-residue, and may be determined by the methods 
indicated on page 104 et seq. 

With the exception of the^ salts of the alkali-metals, all the metallic 
oleates are insoluble in water, though they dissolve in many instances 
in alcohol, ether, carbon disulphide, and petroleum spirit. The oleates 
of calcium, magnesium, and iron also dissolve in glycerol. 

Potamum Oleaie, KCisHnOr is the principal constituent of soft 
soap. It b a white, friable, deliquescent substance, which with a 
small quantity of water forms a transparent jelly, soluble in alcohol 
or a moderate quantity of water ; but decomposed on copious dilution 
into free alkali and a gelatinous aeid oUaJte^ insoluble in water but 
readily soluble in alcohol (see page 270). 

Sodium Oleate, NaCisHnOr is a constituent of hard soap. It may be 
prepared pure by neutralising an alcoholic solution of oleic acid with 
caustic soda and evaporating off the alcohol. It may also be obtained 
by the addition of sodium carbonate to hot oleic acid. It is not deli- 
quescent, but by contact with air becomes gelatinous. Pure sodium 
oleate may be obtained in crystals from its solution in absolute alcohol, 
but not from aqueous alcohol or from the syrupy solution in water. 

Ammonium Oleate is obtained in solution by treating oleic acid 
with cold aqueous ammonia. It is a gelatinous substance, soluble in 
water, and readily decomposing into ammonia and oleic acid. 

Barium Oleate, Ba(Ci,H„0,)r is a light crystelline powder, insolu- 
ble in water, and difficultly soluble in boiling alcohol. 
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Magnesium OleaJte^ Mg(Ci8H330s)r, is iDsolubie Id water, but soluble 
in alcohol and petroleum spirit 

Aluminium Oleaie is a soft, white, putty-like substance, insoluble in 
water, but soluble in ether and petroleum spirit. It has received a 
curious application, owing to its great tenacity and peculiar property 
of stretching into a thin string without breaking. It is made by 
saponifying whale, cottonseed or lard oil with caustic soda, and adding 
the aqueous solution of the resulting soap gradually to a solution of 
alum. A tough, gummy precipitate of aluminium oleate, palmitate, 
<&c., is formed, which constitutes the product known as "oil-pulp." 
This may be dissolved in four or five times its weight of mineral lubri- 
cating oil to form *' thickener," which is employed to impart a facti- 
tious viscosity to oil.* Such oil will readily form threads in dropping, 
and has a thick, glairy character. The false viscosity thus produced 
cannot be regarded as really increasing the lubricating value of the 
oil, and the use of aluminium soap for the purpose can only be re- 
garded as an-ad u Iteration . 

Ferric Oleaie is dark red, but otherwise resembles the aluminiam 
soap. 

Oupric Oleaie is a dark-green, wax-like substance, readily 
obtained by double decomposition. It becomes quite fluid at 100°» 
and dissolves with green color in all proportions of alcohol^ ether, and 
fixed oils. 

Lead Ofoafe, Pb(Ci8H»02)j, is the principal constituent of -the "lead 
plaster" of pharmacy. As obtained by double decomposition it is a 
light white powder, melting at 80® to a yellow oil, and solidifying^ 
on cooling to a brittle translucent mass. Lead oleate is quite insoluble 
in water, but soluble in alcohol and in ether, especially when hot. It 
is also dissolved by oil of turpentine and by petroleum spirit, the hot 
saturated solution in the last solvent solidifying to a gelatinous mass 
on cooling. The solubility of lead oleate in ether is utilised in analy- 
sis for the separatioBp of oleic from palmitic and stearic acids. 

» A Bample of " oil-pulp," the analysis of which is given in the Oil and Colourfna%'9 
Journal, vol. IV, p. 403, had the appearance of thick gelatin or soaked glue. It had ft 
specific gravity of *921, and is said to have contained : — 

Percent 

Paraffin oil of -906 specific gravity, 48 

Lard oil (uocorablned), . ^ . , , , , 16 



Fatty acids, 30 

Alumina, 6i ' ** 

Water, soda, and loss, 1 



}• 
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By boiling oleic acid with water and excess of lead oxide or basic 
lead acetate, a basic oleate is obtained which is nearly insoluble in 
ether. 

jRne Oleaie is a white unctuous powder, soluble in carbon disulphide 
and petroleum spirit. 

Many of the so-called commercial "oleates*' are prepared by the 
use of Castile soap instead of pure sodium oleate. They are better 
described as " oleo-palmitates/' and for pharmaceutical purposes are 
probably equally suitable. 

Oleic Estebs. 

Ethyl Oleate, CJ3.i,CuRn0tf is prepared by passing dry hydrochloric 
acid gas into a solution of oleic acid in three times its measure of 
absolute alcohol. Etherification takes place very rapidly, and the 
ester separates from the liquid as an oily layer. It has a specific 
gravity of *870 at 18^, is soluble in alcohol, and is decomposed by 
distillation. Nitrous acid and its equivalents slowly convert it into 
the isomeric ethyl elaidate. 

Dodeeatyl Oleate and its homologues are said to constitute the greater 
part of sperm and bottlenoee oils. 

Tritenyl Oleatee are obtainable synthetically by heating oleic acid 
and glycerol together in sealed tubes to about 200^ for 24 hours. 
With excess of glycerol the monolein, C^Hs.(OH),CuHnO„ is pro- 
duced. With excess of oleic acid, olein, C8H6.(CiBHnOs)s, is formed, 
and under special conditions the dioleate is said to be obtainable. 
Monolein and diolein are not known to occur naturally, but olein 
occurs in many fixed oils, and may be obtained approximately pure 
by agitating olive or almond oil with a cold concentrated aqueous solu- 
tion of caustic soda, which, it is said, saponifies the paltoitin and leaves 
the olein mostly unchanged. After twenty-four hours^ water is added 
and the soap solution separated from the oily layer, which should be 
washed with dilute alcohol and filtered through animal charcoal. As 
thus prepared, olein is a colorless, tasteless oil, readily soluble in ether 
or in absolute alcohol, and of a specific gravity between '900 and '920. 
By treatment with nitrous add it is converted into solid elaidin. It 
solidifies below 0^, can be distilled in a vacuum, and on exposure to 
air oxidises and becomes acid. 
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SOAPS. 

By the term soap is commonly understood the various commercial 
products obtained by the action of alkalies on fats and oils; but the 
word is sometimes used in a more extended sense, so as to include all 
compounds produced by the substitution of metals for the hydrogen of 
the higher fatty acids. 

It has already been explained (page 42) that the great majority of 
the various solid and liquid fats consist of the tritenyl esters of the 
higher fatty acids, and that by treatment with strong bases, such as 
the alkalies, these yield glycerol and salts of the fatty acids, which last 
constitute essentially the " soaps." 

The fatty acids which play the most important part in the forma* 
tion of ordinary soaps are necessarily those which are the main con- 
stituents of the fatty oils used, the chief being lauric, palmitic, stearic, 
oleic, linolic, and ricinolic acids. Of late years the employment of 
previously prepared fatty acids has to some extent replaced the use of 
the natural oils and fats. Much soap is prepared in part with coloph- 
ony or rosin, which consists essentially of a mixture of pinic, sylvic, 
and colopholic acids, with more or less pimaric acid and abietic anhy- 
dride. 

The bases used for producing commercial soaps from fatty acids or 
fats are exclusively potash and soda, as the soaps of the alkali-metals 
are alone soluble in water. ^ The bases are sometimes used separately 
and in other cases in admixture. The characters of the pure potas- 
sium and sodium salts of the more important fatty acids have already 
been described. 

Potassium soaps are deliquescent and have a low fusing point Sodium 
soaps are mostly solid and hard at the ordinary temperature, and in 
the absence of free alkali are not deliquescent. Both forms are readily 
soluble in hot water and alcohol ; their concentrated solutions solidify 
to a jelly on cooling. "Opodeldoc" is this jellied soap mixed with 
alcohol. Oopious dilution of a solution of soap with cold water, 
or the cooling of a hot dilute solution, causes the precipitation 
of an acid soap, while free alkali or a basic soap remains in solution. 
This reaction has an intimate relation to the detergent properties of 
soap. Wright and Thompson (J. S. C. /., iv. 630) investigated the 
extent to which neutral soaps of different kinds undergo hydrolysis by 

^ When in solution in water, potassium and sodium soaps are practically insoluble in 
«tber, benzene, petroleum spirit, or carbon disulpbide. Hence these solvents maj be 
employed to separate them from unsaponified oil, free fatty acids, and hydrocarbon oils. 
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treatment with water, and obtained the results shown in the following 
table : — 



Naturb op Soap. 


Fatty Acids. 


Pebcemtags op Total Alkali Set 
Free by Addition op x Mole- 
cules OP Water to one Mole- 
cule OP An HYDROUS Soap. 


Natures 


Mean 

Molecular 

Weight 


x^lBO 


x»290 


x=500 


r=1000 


x=2000 


Sodium stcarate, ..... 


Pure stearic 
add. 


2S4 


07 


10 


1-7 


2-6 


3-55 


Sodium palm iUte, .. . 


Nearly pure 
palmitic acid. 


256 


1-45 


1-9 


2*6 


815 


3-75 


Sodium oletic. ,..««.«.,.. 


Pure oleic acid. 


282 


1*85 


2-6 


3-8 


6-2 


6-65 


Coconut oil soap, «.«.«.> . 


Crude laurlc 
acid. 


195 


3-76 


45 


6-4 


6-45 


7-1 


Castor oil soap, . ,-... . 


Crude ricinolic 
acid. 


294 


1-55 


2-2 


80 


8*8 


4-5 


Cottonseed oil soap (chief- 
ly) 




250 


2-25 


30 


60 


7-5 


9-5 


Tallow and rosin soap 
(primrose), ...... 


.. 


280 


1-5 


2-2 


3-1 


4-2 


6-3 


Talloir and palm oil soap, 
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11 


1-55 


2-6 


4i 


5-3 



It appears from this table that the tendency of the sodium soape of 
lauric, palmitic, and stearic acids to undergo hydrolysis decreases with 
an increase of the molecular weight The figures for tallow-rosin soap 
show that the presence of rosin soap does not materially affect the rate 
of hydrolysis of sodium oleate and stearate. The presence of free 
alkali causes a marked reduction in the extent of hydrolysis produced 
by a given amount of water. Thus, the tallow-rosin soap, in presence 
of an amount of caustic soda equal to 15 per cent of the alkali ex- 
isting as soap, underwent no decomposition by 150 molecules of water, 
only 01 by 250, and 1-3 by 2000 parte of water. 

The conclusions of 0. Rotondi (CAem. Review, xiv. 228) are not 
wholly in accordance with those quoted above. Rotondi finds that 
water, especially when hot, decomposes neutral soaps into basic and 
acid soaps without the formation of free alkali. Basic soaps dialyse 
easily, are completely soluble in cold water, and are precipitated by 
brine without decomposition. They act as solvente for the acid soaps 
and free fatty acids, and emulsify fate without saponifying them. Car- 
bonic acid renders basic^soaps insoluble without the formation of free 
alkali; on warming the liquid re-solution takes place. Acid soaps 
diffuse with difficulty, are insoluble in cold water and but little soluble 
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in water, but are soluble in warm solutions of basic soaps. Acid soaps 
do not dissolve or emulsify either fatty a.cids or fats. See also M. 
Dechan and T. Maben on basic soaps (^Pharm. Jour. [3] xv. 1025). 

The experiments of Krapps and Stem {Beriehief 1894, 1747) seem 
to prove that hydrolysis increases with the molecular weight of the 
fatty acids. This conclusion is directly opposed to that of Wright and 
Thompson, noted above. 

The soaps of commerce may be divided broadly into two classes — 
hard and soft. Hard soaps are made with solid animal fats, vegetable 
fat oils, or free oleic acid and soda; for soft soaps, fish oils or vegetable 
drying oils are used, saponification being effected with potash. Hard 
soaps may be obtained with potash, provided a solid fat be employed, 
but a potassium soap is always softer than a sodium soap produced 
from the same fat. The hard soaps of commerce usually consist essen- 
tially of the sodium salts of the fatty and resin acids of the materials^ 
the excess of alkali and the glycerol having been separated, but in the 
case of soft soaps no such separation is attempted, the whole being' 
boiled down together. Hence soft soaps are more caustic than hard 
soaps, and contain various impurities. The solid white granulations 
or "figging" often seen in soft soap consist of potassium stearate, and 
to produce them a small quantity of tallow is used in the manufacture. 
As the figging is commonly but erroneously regarded as a proof of 
quality, it is sometimes imitated by an admixture of starch. 

The soaps of commerce are arranged by W. Lant Carpenter (So(q> 
and CandleSy page 146) in the following classes, according to their 
method of production : — 

1. Soaps produced by the direct union of free fatty acids and caustio 
alkali, or by the decomposition of alkali-carbonates by fatty acids. 

2. Soaps produced by acting on a neutral fat by the precise quantity 
of alkali necessary for saponification, without the separa'tion of any 
waste liquid, the glycerol produced by the reaction being retained by 
the soap. This class includes (a) soaps made by the cold process, and 
(6) soaps made under pressure. 

8. Soaps produced by the ordinary method of boiling in open ves- 
sels, working with indefinite quantities of alkaline lye, the processes 
being controlled by the experience of the operator. The soaps of this 
class may be subdivided into (a) soft soaps, in which the glycerol is 
retained, potash being the base; (b) the so-called ''hydrated" soaps, 
with soda for the base, in which the glycerol is retained, and of which 
" marine soap " may be taken as the type ; and (c) hard soaps, with 
joda as a base, in which the glycerol is eliminated by addition of ex- 
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1 of brine or alkaline Ije, comprising three kinds, — curd, mottled, 
and yellow soaps. 

The so-called " cold process " of soap-making consists in mixing the 
fiit, previously melted at as low a temperature as possible, with jiist 
sufficient soda lye (at about the same temperature) to effect complete 
daponification. The process has the advantage of being simple, and is 
often employed for the manufacture of the cheaper kinds of toilet 
soap, since the low temperature employed prevents dissipation of the 
perfumes added ; but the saponification is apt to be incomplete, the 
product often containing both free alkali and unsaponified oil, besides 
which only the purest materials are available, as the whole of the 
glycerol and extraneous matters are retained in the final product. 
Transparent toilet soaps made by the cold process are liable to contain 
a considerable proportion of free alkali and sugar. 

*' Marine soap," so called from its valuable property of forming a 
lather with sea-water, b made by baling palmnut or coconut oil with 
soda lye of 1*163 specific gravity. The alkali is added gradually until 
the presence of a faint excess is indicated by the taste. It is often 
difficult to cause saponification to commence, but once begun it pro- 
ceeds with extraordinary rapidity, the mixture swelling up almost 
instantaneously to many times its volume. Additions of salt or brine, 
of sodium silicate, and of sugar are often made to this class of soap, 
samples of which may contain 70 per cent, of water. 

Sodium stearate suffers no marked change in contact with 10 parts 
of water, while potassium stearate is converted into a thick paste or 
viscid solution. Sodium and potassium palmitates closely resemble 
the corresponding stearates. Sodium oleate is soluble in 10 parts of 
water and potassium oleate in 4 parts, forming a jelly with half this 
proportion. The consistency or hardness of soap is not dependent 
solely on the base present, but is greater in proportion to the stearin 
and palmitin preexistent in the oil, and less in proportion to the olein 
in it. 

Sodium soaps are soluble in waier, but insoluble in brine and other 
strong saline solutions. When a moderately strong solution of hard 
soap is precipitated by addition gf common salt, the composition of 
the separated soap is unchanged, but from very dilute solutions acid 
soaps are thrown down (see page 270)* Potassium soap cannot be sepa- 
rated in a similar manner by adding potassium chloride to its solution ; 
while, if common soap be added to the solution of a potassium soap the 
precipitate consists of a sodium soap, an equivalent amount of potas- 
sium chloride being formed in the solution. Concentrated solutions of 
VOL. n.— 1^ 
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caustic alkali and alkali-carbonates also separate either potassium or 
sodium soap from its solution, but in weak alkaline lyes soap is readilj 
soluble. Coconut and palmnut oil soaps consist largely of sodium 
laurate, and require a much larger proportion of salt to separate them 
from their solutions than is the case with any other varieties. Hence 
their use on board ships, as they form a lather with sea-water. The 
property possessed by common salt of precipitating soap from its 
aqueous solution is extensively employed for separating soap from the 
glycerol, excess of water and alkali^ and impurities in the materials 
used. 

The oils and fats employed by the soapmaker are very numerous, 
the greater number of those classified in the tables commencing on 
page 91 doing duty in some form or under special circumstances. 
Besides the actual esters or neutral oils, the free fatty acids obtained 
by saponifying palm oil, coconut oil, tallow, and other fatty oils are 
largely used, as are the fatty acids obtained from cottonseed oil 
and recovered grease. Tallow is largely employed as such, but is 
superseded to some extent by palm oil. Castor oil is extensively em- 
ployed for making transparent toilet soaps. Lard soap is very white, 
solid, inodorous, and very valuable for toilet use. Cottonseed oil is 
now employed to a large extent for soap-making. Hempseed oil, 
saponified with potash, is also much used for making soft soap. The 
product is green, pasty, and so soft that the least addition of water 
renders it liquid. Ordinary '' yellow soap " is usually made by saponi- 
fying tallow or palm oil with soda. More or less resin is always 
added, but the use of too large a proportion renders the soap dark, 
soft, too readily soluble, and too strongly caustic. Soaps made from 
the drying oils are usually soft and flabby, and those from fish oils 
commonly betray their origin by their odor. 

From what has hitherto been stated it might be assumed that com- 
mercial soaps consist solely of the hydrated potassium or sodium 
salts of the fatty and resin acids, with or without the glycerol produced 
by the saponification. In practice this is far from being the case ; for, 
in addition to the above-named constituents, soaps are necessarily 
liable to contain more or less unsaponified oil or uncombined fatty 
acids on the one hand, and excess of alkali on the other.^ The latter 
may exist either as caustic alkali or as an alkali-carbonate, in addition 
to which there may be sulphates, chlorides, or silicates, and traces of 

1 G. R. Alder Wright has proposed the addition of ammonium lalts, snch as the sul- 
phate or ohloride, in quantity sufficient to react with the free alkaU which is so objectioB- 
able an ingredient of toilet soaps. 
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calcium, magnesium, aluminium, and iron compounds existing as im- 
purities in the alkali used, common salt as a result of the precipitation 
of the soap with brine, and, in transparent toilet soaps, alcohol. The 
use of alcohol for purifying toilet soaps has the advantage of separating 
alkali-carbonates and neutral salts, but any caustic alkali dissolves 
with the soap. On subsequently evaporating the alcohol, the soap 
remains as a more or less translucent mass, the transparency of which 
can be further increased by an addition of glycerol or loaf-sugar, the 
latter substance sometimes being present in large proportion in so- 
called "glycerin soaps," from which glycerol is wholly absent. 

Besides the foregoing accidental impurities, legitimate additions are 
frequently made to soap. Thus, potassium and sodium carbonates are 
added to "cold-water soap" to communicate the power of lathering 
readily with hard water, and to increase the detergent properties 
generally; sodium silicate is often added to soap intended for manu* 
facturing uses and, though objectionable in some cases, must be con- 
sidered a legitimate addition in others. Sodium aluminate is some- 
times employed ; and borax, which itself possesses detergent proper- 
ties of a marked character, is also used. Petroleum naphtha to the 
extent of 10 per cent, is sometimes incorporated with soap. It is said 
to increase the detergent action. A soap of this kind, now largely sold 
in the United States, is prepared by mixing the petroleum product 
with a rosin soap-mass and adding this to a common soap. 

Small proportions of various substances are also added to soap as 
coloring and perfuming agents. Mottling is produced by iron salts^ 
ochre, ultramarine, or even more objectionable matters, such as ver- 
milion and copper arsenite. Such additions remain as a residue on 
dissolving the soap in water or spirit, and should never exceed 1 per 
cent, even in mottled soap, and should be less in other varieties. The 
perfuming agents are mostly used in very small quantities, and are 
perfectly ineffective for good or evil, and in some of the medicated 
soaps the additions to which the alleged therapeutic properties of the 
soap are attributed are present in such small proportion that the same 
remark is applicable. 

Medicated soaps are now sold which contain a considerable propor- 
tion of agents, for which more or less curative value is claimed. 
Among these may be enumerated carbolic and cresylic acids, thymol, 
naphthalene and creosote oils, petroleum, vaseline, camphor, and gel- 
atin. 

A number of insoluble and inert organic and inorganic substances 
Are added to soap, either with the alleged object of imparting special 
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characters, 6r manifestly to act the part of *' filling " or adulterants. 
Among these may be enumerated oatmeal, bran, sawdust, barium sul- 
phate, steatite, china-clay, pipe-clay, fuller's earth, sand, pumice-stoDe, 
kieselguhr, chalk, and whiting. Dr. LefiVnann found 33 per cent, of 
mineral matter in a sample of red Castile soap. The so-called '' sand 
soaps" now largely used for scouring purposes are usually mixtures of 
common soap, containing much rosin and some free alkali, with 
finely pulverised quartz. The proportion of quartz is often over 80 per 
cent Diatomaceous earth is also used. In a sample of a much ad- 
vertised soap, said to contain milk and sulphur, neither of these bodies 
was found, but there was much china-clay and a notable amount of 
free alkali. 

Assay and Analysis of Soaps. 

In analysing soaps care must be taken to obtain a fairly representa- 
tive sample. In the case of hard soaps this is best efifected by cutting 
a transverse slice from the middle of the bar or cake. A cylinder 
withdrawn from a cake by means of a cork-borer or cheese-sampler 
also affords a fairly good sample. In many cases it is necessary to re- 
duce the soap to thin shavings or slices, which should be thoroughly 
mixed by shaking, and preserved in a well-closed bottle. 

A Comparative Assay of different soaps can be effected in a use- 
ful and simple manner by ascertaining what measure of a standard 
solution of the sample must be added to a 60 c.c. of a very dilute 
solution of calcium chloride or sulphate solution in order to obtain a 
persistent lather on shaking. The soap solution is made by dissolving 
10 grm. of the sample in proof spirit (sp. gr. '920), filtering, and 
diluting the filtrate with proof spirit to 1 litre. The test is made ex- 
actly as in determining the hardness' of waters, the soap solution being^ 
added to the standard hard water in small quantities at a time until a 
lather is obtained on shaking, which remains for at least five minutes 
when the bottle used for the operation is placed on its side. The 
standard hard water may conveniently be prepared by exactly 
neutralising 40 c.c. of decinormal sulphuric or hydrochloric acid by 
cautious addition of lime-water, and diluting the solution to 1 litre^ 
when it will have a hardness of 14 degrees of Clark's scale. 
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From the preceding list of the numerous substances occurring as 
frequent or occasional ingredients of commercial soaps, it is evident 
that the complete analysis of soap is sometimes a difficult and tedious 
operation. In the great majority of cases, however, the examination 
may be restricted to a determination of the leading constituents, and 
of these some have a greater or less importance according to the pur- 
pose for which the soap is intended to be used. 

Manufacturers* Soaps should be tested for the proportions of water, 
total alkali, and crude fatty acids; while the percentages of caustic 
alkali, alkali-carbonate and silicate, combined fatty and resin acids« 
and free fatty acids and unsaponified oil are secondary determinations 
which are frequently of considerable importance. 

Household and Laundry Soaps should be tested for the proportions 
of water, alkali as soap, alkali in other forms, and total fatty acids. 
Phenol should also be determined in soap said to contain it. 

Toilet and Fancy Soaps should be tested for water, alkali as soap» 
alkali in other forms, fatty and resin acids, glycerol, sugar, and insolu- 
ble matters. 

Medicated Soaps should be specially examined for the proportion of 
the active or ^uoat-active constituent said to be present, such as phenol, 
sulphur, thymol, tar, and vaseline. 

The table on page 277 exhibits a systematic scheme for the complete 
analysis of even a complex soap. It is mainly based on the scheme 
drawn up by C. R. A.lder Wright and C. Thompson, which is a modi- 
fication of that of A. R. Leeds, who appears in great measure to have 
derived his method from the first edition of this work. With the sub- 
sequent detailed instructions and extensions it includes methods of 
determining or detecting the great majority of the substances met 
with in commercial soaps. The plan of procedure is so arranged as to 
permit of the examination of ordinary soaps being very simply con- 
ducted, while allowing any special ingredient to be sought for and 
determined. 

A. Determination op Water. 

The determination of the proportion of water in soap is important, 
and requires considerable care to ensure accurate results. If the soap 
be a solid one, a fairly representative sample should be reduced to fine 
shavings by scraping with a knife. A known weight is then exposed 
for some time to a temperature of 40° or 50** C, the heat being grad- . 
ually raised to 100° C, and continued at that temperature as long as 
loss of weight id observed. The soap should not.be allowed to melt. 
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A better method is to dissolve about 2 grm. of the soap in the 
miDiroum quantity of hot strong alcohol, and to pour the liquid on a 
known weight of clean dry sand, which is then exposed with frequent 
stirring to a temperature of 110*' C. The traces of alcohol present in 
transparent toilet soaps which have been purified by solution in spirit, 
are volatilised with the water, and if 60 or 100 grm. of the sample 
be mixed with sand or powdered pumice, and gradually heated in a 
retort to 120°, the alcohol may be deduced from the specific gravity of 
the distillate. The water in soap may also be determined rapidly, and 
with ample accuracy for most purposes, in a manner recommended by 
Watson Smith (Jour. Sac. Dyers and ColourisUf i. 31). From 5 to 10 
grm. of the finely divided sample should be placed in a large porce- 
lain crucible, set in a sand bath which is heated by a small Bunsen 
flame. The soap is continually stirred with a glass rod (weighed with 
the crucible) having a roughed and jagged end, a peculiarity which 
greatly facilitates the stirring and breaking up of the lumps of soap 
formed towards the end of the operation. The operation is usually 
complete in 20 \o 30 minutes, and is known to be at an end when a 
piece of plate-glass placed over the crucible (the flame being removed) 
is no longer bedewed with moisture. Care is required to prevent 
burning of the soap, but the odor thus developed is so characteristic 
that the manipulation is easily controlled. Smith finds the results 
trustworthy to 0*25 per cent. 

The proportion of water in soap varies greatly. In the so-called 
" dry soaps,'' and in some of the best kinds of curd soap, it does not 
exceed 16 to 20 per cent., while in inferior soaps made from coconut 
oil it sometimes reaches 70 to 80 per cent. 

B. Solution in Petroleum Spirit. 

Under ordinary circumstances, the matter dissolved from dry soap 
on treatment with petroleum spirit consists merely of unsaponijied 
fats or of free fatty acids. Insignificant proportions of unsaponifiable 
matter natural to fixed oils may also be present, and nitrobenzene and 
essential oils used for scenting the soap will also be dissolved. If 
Yorkshire grease has been used in manufacturing the soap, the residue 
may contain cholesterol, Cetyl alcohol from .spermaceti and myricyl 
alcohol from beeswax and carnaiiba wax will also be present if these 
waxes have been employed. If added to the made soap, of course the 
unsaponified waxes will be dissolved out, instead of simply the solid 
alcohols resulting from their saponification. If the presence of waxes 
is suspected beforehand, or from the amount or appearance of the resi- 
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due obtained on eyaporating a portion of the solution, the residual soap 
should be further exhausted with boiling toluene, which dissolves the 
wax-alcohols better than petroleum spirit 

The residue from medicated soaps may also contain metallic oleates 
and free carbolic and cresylic adds, thymol, and hydrocarbons, such as 
▼aseline and other neutral petroleum and tar products. 

When the nature or amount of the residue obtained on evaporating 
a small aliquot part of the petroleum spirit solution indicates the 
desirability of further examining it, the unevaporated portion should 
be treated in the manner directed in the following table : — 



Systematic Sepabation of Uxsaponified Mattebs from Soap. 



Agitate the aolution In petroleum spirit with dflute hydrochloric acid, and separate. 



a. Acid Solution. Ex- 
amine for heavy met- 
aU {eg,, Pb Hg, 
Cu, Zn) and alu- 
minium, which, if 
found, must nare 
existed in the soap 
M oleates. PoUssIum 
and sodium oleates 
may also* have been 
dissolved if the soap 
contained much hy- 
drocarbon. If metals 
are found at this 
stage, the amount of 
fatty acids dissolved 
by petroleum spirit 
must be corrected to 
ascertain the fatty 
acids existing in the 
soap in a free state. 



b. Petroleum Solution. Wash free fh>m mineral acid by repeatedly 
agitatine with small quantities of water. Add some alcohol and 
titrate liquid with standard alkali and phenolphtbaletn for esti- 
mation of fatty acids ( page 104). Separate ana agitate petroleum 

spirit several times with small I 

solution, separating as before. 



1 quantities of sodium hydroxide 



c. Petroleum Solution. 
Evaporate at a low tem- 
perature and observe 
odor, especially towards 
the end. Weigh residue 
and then determine un- 
saponified /at by Koetts- 
torfers process (page 
63). In absence of waxes, 
the KHO required di- 
vided by 0*19 gives the 
weight of glycerides, 
which, deducted from 
whole residue, elves that 
of the hydrocarbons, wax- 
alcohols, &c If desired, 
these may be isolated as 
on page 112, and further 
examined. 



d. Alkaline Solution. Evaporate to 
small bulk, dilute with three i 
ures of strong brine, and filter. 



e. Precipitate con- 
sists of sodium 
salts of S<^tiy 
act<f« existing in 
the soap either 
in 'the free state 
or as aluminium 
or other metallic 
oleates. 



/. Solution. Acid- 
ulate with di- 
lute sulphuric 
acid, ana sepa- 
rate layer of 
phenols, or ti- 
trate portion of 
diluted solution 
with bromine, 
Ac. (See page 
281 and "Creo- 
sote Oils," Vol. 
II, Pt. 2.) 



Hydrocarbons, such as petroleum, vaseline, and coal-tar oils, are 
sometimes introduced into soap to a considerable extent. Although 
quite incapable of undergoing saponification, they may nevertheless 
exist in soap in notable proportion without their presence being sus- 
pected ; for if not used in excessive amount, and especially if carnaiiba 
wax be also added, they remain in perfect solution when the soap is 
dissolved in water or alcohol,4ind, on decomposing the solution with an 
acid, they pass wholly into the oily layer of fatty and resin acids. 

The presence of hydrocarbons in soap may sometimes be detected 
by the fluorescence exhibited by the ethereal solution of the fatty 
acids. If in considerable quantity, they may be partially separated 
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by subjecting the dry soap to a gradually increasing heat, when the 
hydrocarbons will distil, together with any other volatile matter which 
may be present. 

The most satisfactory means of detecting and determining hydro- 
carbons in soap is to extract them by agitating the aqueous solution of 
the sample with ether and caustic alkali as described below. Any un- 
saponified fat will, however, be simultaneously dissolved by the ether, 
and must either be separated by saponifying the ether-residue with 
alcoholic potash, and again agitating the solution of the resultant soap 
with ether, or the original soap may be evaporated with alcoholic 
potash, and the residue dissolved in water and treated with ether. 

The directions given in the foregoing table do not require further 
comment, except in the case of the method indicated for the deter* 
mination of phenob. Carbolic and cresylic acids, and some other 
substances, are dissolved on treating the soap with petroleum spirit, 
and can be separated from the admixed fatty acids by precipitating 
the alkaline solution with brine, but the method is faulty for the 
following reason: soaps, and especially common household and soft 
soaps, are liable to contain free caustic alkali which will react with 
the coal-tar acids added to form bodies not dissolved by petroleum 
spirit, and hence the phenols obtained are only that portion not taken 
up by the free alkali present in the soap. 

The assay of carbolic soap for the percentage of phenols and other 
eoalriar prodttcU is most conveniently and accurately effected by the 
following process, which has been extensively employed in the author's 
laboratory : — 5 grm. weight of the sample is dissolved in warm water 
with addition of from 20 to 30 c.c. of a 10 per cent, solution of sodium 
hydroxide, according to the proportion of phenols believed to be 
present. The cooled solution is then agitated with ether, and the 
ethereal layer separated and evaporated at a low temperature and 
weighed. The odor towards the end of the evaporation and that ob- 
served on heating the residue will give considerable information as to 
the nature of the admixture. Odors suggestive of gastar and burn- 
ing gutta-percha are very common. The alkaline liquid separated 
from the ether is then treated in a capacious separator with excess of 
strong brine, which completely precipitates the fatty acids as sodium 
salts, while the phenols remain in solution. The liquid is well agitated 
to cause the soap to filter and is then passed through a filter. If the 
soap does not coagulate, an addition of a small quantity of tallow or 
palm-oil soap, previously dissolved in water, will usually determine 
separation. The precipitated soap is washed twice by agitating it with 
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strong brine, the washings being filtered and added to the main solu- 
tion, which is then diluted to 1 litre. 100 c.c. of this solution (=0*5 
grm. of the sample of soap) is then placed in a globular separator, and 
acidulated with dilute sulphuric acid, when it should remain perfectly 
dear.^ Standard bromine-water is then added from a burette, the stopper 
of the separator inserted, and the contents shaken vigorously. More 
bromine-water is then added, and the agitation and addition repeated 
alternately until the liquid acquires a faint but permanent yellow 
tint, showing that a slight excess of bromine has been used. If 
crystallised phenol had been employed for making the soap, the ad- 
dition of the bromine- water causes the precipitation of tribromophenol, 
QHsBrsO, in snow-white crystalline flocks, which allow the faintest 
yellow tint due to excess of bromine to be observed with great facility. 
If cresylic acid be the chief phenol present, the precipitate is milky 
and does not separate well from the liquid, but the end of the reaction 
can still be observed. The addition of a solution containing a known 
amount of crystallised phenol is a useful device in many cases, as the 
precipitate then curdles readily, and the yellow coloration can be 
easily seen. 

The bromine solution is made by mixing in a separator one measure 
of saturated bromine-water with two measures of water. This solu- 
tion is approximately 1 per cent, and should be run out from the tap 
of the separator into the Mohr's burette used for the titration. The 
burette should be closely covered, and the last few c.c. of the solution 
contained in it should never be employed for the titration, as it is apt 
to have become weak. The bromine-water must be standardised im- 
mediately before or after use, by a solution of Calvert's No. 2 or No. 
6 carbolic acid, according to the kind of acid the titration has indi- 
cated to have been present in the soap. This solution is made by dis- 
solving 0*5 grm. of the coal-tar acid in 20 c.c. of a 10 per cent, solu- 
tion of sodium hydroxide, together with 5 grm. of a non-carbolic 
soap. The solution is then precipitated with brine in the same manner 
as the sample, the filtrate diluted to 1 litre, and 100 c.c. acidulated 
and titrated with the bromine used for the sample. The volume of 
bromine solution used is that required by 0*050 grm. of coal-tar acid 
of approximately the same quality as that contained in the soap. 

The remaining portion of the. liquid filtered from the precipitate of 
soap may be evaporated to a small bulk, acidulated with dilute sul- 

1 A precipitation at this stage indicates the incomplete removal of the fatty acids. In 
snch case, 200 c.c. of the alltalioe solution should be treated with common salt in powder 
the solution filtered through a dry filter, and 100 c.c. of the filtrate acidified as before. 
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phuric acid, and the separated phenols measured, but the quantity is 
not sufficient to make the method satisfactory. It is generally better 
to employ the solution for the isolation of the bromo-derivatives. For 
this purpose it is acidulated with dilute sulphuric acid (without previ- 
ous concentration), and bromine-water added in slight excess. From 
5 to 10 C.C. of carbon disulphide are then added, the liquid well 
agitated, and the carbon disulphide tapped off into a small beaker. 
The aqueous liquid is agitated with fresh quantities of carbon disul- 
phide (of 5 cc. each) till it no longer acquires a red or yellow color. 
The carbon disulphide is then allowed to evaporate spontaneously, 
when a residue is obtained consisting of the brominated derivatives of 
the phenols present in the soap. If crydallUed carbolic add of fairly 
good quality had been introduced into the soap, the bromo-derivative 
is obtained in fine long needles having very little color, and, if all 
heating was avoided during the evaporation of the carbon disulphide, 
the weight of the residue multiplied by 281 gives a fair approxima- 
tion to the amount of carbolic acid ; but if a crude liquid article has 
been employed, consisting mainly of cresylic acid (e.^., Calvert's " No. 
5 carbolic acid "), the bromo-derivative will be deep yellow, orange, 
or red, with little or no tendency to crystallise, 'and the weight will 
not afford even a rough indication of the amount of coal-tar acid 
present. 

Lewkowitsch considers the following rapid process sufficiently ac- 
curate for practical purposes : Weigh off a somewhat large amount of 
the sample, say 100 grm., treat as described to separate the soap, boil 
down the solution of the phenate to a small bulk, transfer to a stop- 
pered measuring cylinder of 50 or 100 c.c. capacity, add sufficient salt 
so that some remains undissolved, and acidify with sulphuric acid. 
The volume of the separated phenols is then read off and the number 
of cubic centimeters taken as so many grams. 

The following table shows some of the results obtained in the 
author's laboratory by the assay of representative samples of commer- 
cial carbolic soap. The descriptions of the soaps given by the manu- 
facturers are strictly adhered to, and in cases where two samples are 
described in the same words they were manufactured by different 
firms : — 
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DEScRiPTioir OF Soap. 


Phenols. 


Etheb 


-RESIDUE. 












Pe^ 


Nature. 


Per- 


Odor on 




oentage. 


cenUgc 


Heating. 


1. Medical carbolic soap ; 20 )( pure. 


80-5 


Pure phenol. 






2. Medical carbolic soap ; 20 < pore, 


170 


Pure phenoL 


4-2 


Guttarpercha. 


8. Carbolic toilet aokp; 10j{, . . . . 


3-6 


Pure phenol. 


2-0 


Cayenne 


4. Carbolic toilet soap; 10 )( 

5. Transparent carbolic soap, . . . 


34 


Pure phenol. 


10 


GutU-percha. 


M 


Pure phenol. 




.. 


6. Transparent coal-tar soap, . . . 


Pure phenol. 




.. 


7. Domestic carbolic soap, ..... 


4-8 


Pure phenol. 






8. Domestic carbolic soap, 


6-4 


Common carbolic. 






9. No. 1 carbolic soap, 


6-4 


Common carbolic 






10. No. 2 carbolic soap 


3-6 


Common carbolic 




, , 


11. Carbolic soap, 


11 
0-5 
9-9 


Common carbolic. 
Impure carbolic. 
Common carbolic 


1-0 


-• 


12. Carbolic soap 


13. Carbolic soa soap; 10)(, 


14. Carbolic soft soap; 10 Jl, 


8-2 


Common carbolic. 




,. 


15. Carbolic soft soap 


016 


Common carbolic. 






16. DislnfecUnt soap 


none 


, , 


4-6 


Coal-taroils. 


17. Sanitary soap, 


0-75 


Impure carbolic 


4-6 


Coal-Ur oila. 





It will be observed that in No. 1 sample, described as containiDg 20 
per cent, of crystallised carbolic acid, 30*5 per cent was actually 
found, which result was confirmed by weighing the tribromophenol, 
which crystallised in beautiful colorless needles. In some cases the 
proportion of phenols found was notably less than the amount stated 
to be present, and this was especially the case with both No. 3 and No. 
4, though these soaps were made by different firms. It must, however, 
be borne in mind that a loss of 2 or even of 3 per cent, of phenol is 
liable to occur through evaporation. 

C. Residue Insoluble in Petroleum Spirit. 

The portion of the sample not volatile at 100^ and insoluble in 
petroleum spirit really constitutes the soap proper. 

In analysing soap of known origin and general composition, it is 
often wholly unnecessary to go through the previous operations of dry- 
ing and exhaustion with petroleum spirit. In such cases it is evidently 
preferable to weigh out 10 grm. of the original soap and at once 
treat it with hot water. 



D. Aqueous Solution of the Purified Soap. 

In most cases soap will dissolve almost completely in boiling water, 
but if a large quantity of the solvent be employed, hydrolysis occurs 
to a serious extent, and if such a liquid be filtered, a notable quantity 
of acid soap may be removed. Hence it b better when possible to 
separate-any insoluble matter by decantation. When the proportion 
.of insoluble matter is inconsiderable, there is no occasion to separate ]t» 



SOAPS. 285 

as with proper maoagement it will not interfere with the subsequent 
operations. An exception occurs in the case of calcium carbooate, 
which, if not removed, will neutralise acid and render the figure for 
the total alkali too high. 

In many cases the aqueous solution of the soap may be advanta- 
geously agitaCed with ether at this stage. Such treatment obviates the 
necessity of previously extracting the dried soap with petroleum spirit, 
while it removes hydrocarbana, unaaponified oH^ and free fatty acids in a 
very satisfactory manner. The ethereal layer having been separated 
(see page 62), the aqueous liquid is again shaken with ether, which is 
separated as before. The ethereal solution may then be treated in ex- 
actly the same manner as is directed for the petroleum spirit solution on 
page 280, while the aqueous liquid can be at once titrated with standard 
acid, though for convenience of subsequent manipulation of the fatty 
acids it is desirable first to remove the dissolved ether by boiling the 
solution in a capacious flask. 

E. Separation of Fatty ApiOB. 

For decomposing the aqueous solution of the soap, normal sulphuric 
acid possesses some advantages, and should be used in moderation, an 
excess of 6 to 10 c.c. beyond that necessary to combine with the alkali 
present being sufficient. Wright and Thompson prefer to substitute 
standard nitric acid, as it enables the sulphates to be determined by 
barium chloride in one portion of the filtrate, and the chlorides by 
silver nitrate in another. 

The method of manipulation for the separation of the oily layer of 
fatty acids from the aqueous liquid depends on circumstances. 

When the soap is chiefly a stearate or palmitate, as that made from 
tallow or palm oil, the liberated fatty acids are solid when cold, and 
in such cases there is no better plan than to efiect their precipitation 
in a beaker or vessel, of such shape that the cake can be directly re- 
moved, wiped with blotting-paper, and weighed. Precipitation in a 
conical flask, as described on page 190, is advantageous in some cases. 

If the fatty acids are liquid at the ordinary temperature, or form a 
cake deficient in consistency, a known weight of dry, bleached bees- 
wax or stearic acid may be added to the hot liquid. The fatty acids 
become amalgamated with the melted wax, and, on cooling, a firm 
coherent cake is formed, which may be at once wiped and weighed. 
The weight of wax added (which should be about the same as that of 
the soap employed) being deducted from, that of the cake, the weight 
of the crude fatty acids is at once found. 
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As a rule, the author prefers to affect the decomposition of the soap 
aolution in a tapped separator, running off the aqueous liquid through 
a wet filter, and subsequently allowing the fatty acids also to ru& on 
to the filter, where they are washed with boiling water, and subse- 
quently treated as described on page 51. This method of treatment is 
the best when it is desired to make a further examination of the sepa- 
rated fatty acids. 

Coconut and palmnut oil soaps yield fatty acids not wholly insolu- 
ble in hot water. In such cases the precipitation of the acids should 
be conducted in a tolerably concentrated liquid, which may be advan- 
tageously saturated with common salt. The washing of the separated 
acids should be restricted, and brine may be advantageously used, 
while the drying should be effected with as little exposure to h^t as 
possible. 

F. Solution Separated from the Fatty Acids. 

The method described in the table for determining the total alkali of 
soap is, in most cases, highly satisfactory. The result is not affected 
by the omission to treat the soap with petroleum spirit before dissolv- 
ing it in water, and ordinary insoluble matters do not interfere. JuT, 
however, an insoluble carbonate be present, it will neutralise acid, and 
must be separated, or the figure for alkali will be too high (see p. 292). 

Instead of at once adding an excess of standard acid, then titrating 
back, and thus ascertainiug the volume required to neutralise the 
alkali of the soap, the standard sulphuric acid may be added gradually 
to the soap solution, until the neutral point, as indicated by methyl- 
orange, is reached. An excess of acid is then added, and the fatty 
acids separated as before. 

The volumetric method of determining the alkali does not distin- 
guish between potash and soda, and hence, if the nature of the alkali 
present be unknown, the determination is not absolute, but simply an 
expression of the alkali in terms of potash or soda. If further infor- 
mation be required, the examination must be made as described on 
page 293. 

The solution 'separated from the fatty acids, and neutralised with 
standard alkali, will, of course, contain alkali-sulphates. Jn addition, 
it may contain sodium chloride, soluble fatty acids, glycerol, sugar, 
dextrin, starch, gelatin, and other matters. For the detection and 
determination of these it is necessary to operate on separate aliquot 
portions of the solution. 

If nitric acid has been used instead of sulphuric acid at the previous 
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stage of the process, the sulphates may be determined by precipitating 
an aliquot part of the solution with barium chloride. 

a. Sodium chloride may be determined by titration with decinormal 
silver nitrate, or deduced from the weight of the silver chloride pre- 
cipitate. 

b. Soluble fatty acids rarely require determination in soap. If the 
precautions on page 285 are adopted in separating the fatty acids from 
coconut and palmnut oil soaps, only insignificant quantities of soluble 
fatty acids will remain in the aqueous liquid. If desired, these may 
be determined by distilling the acidulated solution, as described on 
page 49, but their amount may also be ascertained in the following 
simple manner: Titrate a certain volume of the solution with stand- 
ard alkali, using phenolphthalein as an indicator. Titrate another 
portion of equal measure with the same alkali, using methyl-orange 
to indicate the point of neutrality. The alkali consumed in the second 
case corresponds to the free mineral acid only, while the difference be- 
tween this and the first determination gives the volume of alkali re- 
quired to neutralise the soluble acids present. One cc. of normal alkali 
corresponds to 0*144 grm. of caprylic acidy CgHjeOa.* 

J. A. Wilson QChem, News, 1891, 205) employs the following proc- 
ess in the presence of soluble fatty acids : — 

1. The alkali in all forms is determined by titration with standard 
acid in the usual manner. 

2. Another weighed quantity of the soap is decomposed in an Erlen- 
meyer flask with a slight excess of dilute sulphuric acid, and the flask 
kept on the water-bath until the fatty acids separate quite clear. The 
flask is placed in ice-water to cool and then filtered. The fatty acids 
are washed three times successively with 250 c.c. of boiling water, 
allowed to cool each time, and filtered. The united filtrates are diluted 
to a litre and 500 c.c. placed in a beaker and tinted with methyl- 
orange ; decinormal alkali is then run in until the liquid acquires the 

1 A possible method of determining the total fatty acids in coconut and palmnut oil 
«oap8 is as follows : — Separate the fattj acids in the ordinary manner, bat in as concen- 
trated a solution as potsibie. Agitate the aqueous liquid with a little ether, separate, and 
extract any dissolved fatty acids from the ether by agiUting with dilute caustic soda solu- 
tion. Employ the alkaline solution obtained to neutralise the main quantity of fatty 
acids, and add a few drops of phenolphthalein, and then more caustic soda solution, 
drop by drop, until the pink color just remains permanent. Then precipitate the hot 
liquid with a slight excess of magnesium sulphate, filter, wash with hot water, dry the 
precipitate at lOO^' C, and weigh. Ignite the precipitate and weigh the residual MgO. 
The difference is the weight of fatty anhydrides forming insoluble salts with magnesia. 
Eraporate the filtrate, dry the residue at 100° C, and weigh. Ignite and weigh again. 
The difference is the weight of fatty anhydrides forming soluble salts with magnesia. 
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usual color, after which a little phenol phthalein is added and the 
addition of standard alkali continued until a permanent pink is estab- 
lished. The amount used in the latter titration is due to soluble acids 
and is calculated to caprylic acid. The fatty acids in the flask and 
that on the filter are dried and weighed, and then dissolved in alcohol 
and titrated with half-normal alkali. The amount so used, together 
with that required for neutralisation of the soluble acids, deducted 
from the total alkali, gives the alkali existing in forms other than as 
soap. 

Of course, if desired, the soap may be decomposed with standard 
sulphuric acid, methyl-orange added, and the alkali required for neu- 
tralisation noted ; this, deducted from the total acid used, would give 
the acid equivalent to the alkali existing in all forms. In this manner 
are determined : — 

Total alkali, . ^ 

Combined alkali, • . • • 

Insoluble fatty acids, ' 

Soluble fatty acids, ; 

c. Glycerol may exist in soap in variable amount. In the absence 
of sugar, it may be determined with considerable accuracy by the 
permanganate process. When glycerol is present in considerable 
amount in soap, Lewkowitsch makes the determination by dissolving 
it in water, separating the fatty matter with acid, and filtering off. 
The filtrate is then neutralised with barium carbonate and boiled 
down to the consistency of syrup. The residue is then extracted with 
a mixture of three parts of 95 per cent, alcohol and one part ether, 
the alcoholic solution filtered and evaporated on the water-bath to 
small bulk, and finally dried under a desiccator. The glycerol in 
the residue may be determined by the acetin method. A more con- 
venient method is that of Hehner with potassium dichromate (see 
under " Glycerol "). The presence of sugar renders the above methods 
wholly useless, and one of the plans described below must be adopted. 

d. Sugar is rarely present except in transparent toilet soaps, but in 
these it sometimes exists to the extent of 20 to 30 per cent, of the en- 
tire weight, or in a proportion approaching that of the anhydrous 
soap present. Such soap is sometimes sold as " glycerin soap," though 
wholly destitute of glycerol. 

According to Donath and Mayrhofer (Zst^ /. Anal, Chefn., 1881, 
883) the determination of sugar and glycerol may be made by adding to 
the solution slaked lime sufficient to combine with the sugar and an 
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equal quantity of washed and ignited sand, boiling down to the con- 
sistency of syrup, pulverising the cooled residue and exhausting it in a 
closed vessel with 80-100 c.c. of a mixture of equal, parts of ether and 
alcohol. The glycerol will pass into solution, and, after cautious 
evaporation of the solvent, may be determined by the acetin or oxida- 
tion process. (See also *' Isolation of Glycerol.") 

Sugar may be determined by Fehling's soludon, after inversion, 
without previously separating the glycerol, but the solution should be 
dilute and the boiling very limited in duration, or the glycerol will 
probably cause some reduction. 

In an aqueous liquid containing no other bodies than sugar and 
glycerol, the amount of glycerol may be deduced from the specific 
gravity of the liquid. The sugar having been previously determined 
by Fehling's solution or other means, its effect on the specific gravity 
can be readily calculated ; and this being deducted from the observed 
specific gravity, gives that due to the glycerol present in the liquid. 
(See " Glycerol."y*See Addenda." 

Organic matters, such as starch, dextrin, gelatin, Ac, may be de> 
tected by special tests ; but their recognition is more easy and certain 
in residue L, left on treating the purified soap with alcohol. 

G. Examination op the Oily Layeb of Fatty Acidb. 

The separation of the liberated fatty acids from the acidulated 
aqueous solution has already been described. If wax or stearic acid 
has been employed for the purpose of obtaining a solid cake, the 
further treatment of the fatty acids is practically limited to drying 
them and determining their weight. In many cases, however, it is of 
interest or importance to make a further examination of the oily 
layer, which in that case should be treated as described on page 1^3. 

The oily layer may contain fatty adds, the acids of resin or col- 
ophony , coal-tar products which existed as salts in the original soap, and 
other bodies of acid character and limited solubility in water. If the 
treatment with petroleum spirit has been omitted, the oily layer may 
contain various hydrocarbons, waxes and wax-alcohols, unsaponified fat, 
&c In such a case the proximate analysis is best made as indicated 
in the table on page 280. When only fatty and resin acids are to be 
determined, they maybe separated by TwitchelFs method (p. 107); 
but it must be remembered that any unsaponified oil may contaminate 
the resin acid and be determined as such. Resin acids may be de- 
tected by Liebermann's reaction, as follows : — A portion of the fatty 
acids is shaken up with acetic anhydride and heated gently. After 

VOL. II.— 19 
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cooling, the acetic anhydride is drawn off by means of a pipette, and a 
drop of concentrated sulphuric acid added. In the presence of resin 
acids a fugitive violet color is produced. Morawski recommends the 
use of sulphuric acid of 1*53 specific gravity as less apt to produce 
interfering color. Coal-tar acids may be determined by the bromine- 
titration process described on page 281. 

It is often important to ascertain the origin of the fatty acids from 
soap. . In some cases this may be satisfactorily solved by a study of 
their physical and chemical properties. Thus, the melting and solidi- 
fying points of the fatty acids from various sources are given on 
pages 238 and 239, and Archbutt has communicated the following de- 
terminations of the specific gravities of the acids from various oils. 
The observations were made at the boiling point of water by means of 
a Sprengel-tube, and the figures express the specific gravities of the 
fieitty acids at the boiling point of water, compared with water at 
16-5^ C. 



Fatty Acudb From : 


Spbcivic Gravity, j 


Fatty Acids From : 


Specific Gravity. 


OliTft oil, genuine. . . . 

;; GaiVipoii, ) 

average j 

ColMioil 

Rape oil 

Cottonseed oil 


ill ill 


Nigerscedoil 

Linseed oil 

Train oil 


•8540 
•8683 
•8580 
•8488 
•8364 
■8367 


Lard oil 


Tallow 


Palm oil 





Much information can be gained by determining the combining 
weight as described on page 236. The figures yielded by the acids 
from various oils are given on page 238, and in other cases they 
may be calculated from the saponificatiou-equivalents recorded on 
page 55. The combining weight of the insoluble jacids is usually 
less than the saponification-equivalent of the oil by about 13 to 14. 
This statement only applies to those oils yielding about 95 to 96 per 
cent, of insoluble fatty acids on saponification. 

Similarly, the iodine-absorptions of the insoluble fatty acids (p. 
237) are more or less characteristic of their origin, but are subject to 
the same limitations as are stated above to apply to the saponification- 
equivalents. 

In cases in which the fatty acids are practically insoluble in water, 
a titration in alcoholic solution with standard alkali and phenol- 
phthalein affords a simple and accurate means of ascertaining the 
proportion of alkali existing in combination with the fatty and resin 
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ueid»i as it is evident that the amount of alkali required for neutralisa- 
tion of the separated acids must be the same as that with which they 
had been previously in combination. 

The fact that the soaps produced by the saponification of coconut 
and palmnut oils are not readily precipitated by solution of common 
salt, may, according to W. Lant Carpenter, be employed for detecting 
the presence of these oils in soap. A sufficient quantity of the soap 
should be dissolved in hot water, and the fatty acids liberated by 
acidulating the solution, and separated without special washing or use 
of ether. Carpenter then directs 10 grm. of the fatty acids to be 
treated with 39 to 40 c.c. of a normal solution of caustic soda, or a 
volume just sufficient to dissolve them completely. The whole is then 
boiled, and the weight of the liquid brought to 50 grm. by evapora- 
tion or cautious addition of water. A saturated solution of common 
salt (previously boiled with a few drops of sodium carbonate and 
filtered from any precipitate) is then run in gradually from a burette, 
the liquid being constantly stirred and kept gently boiling. The ad- 
dition is continued until the soap suddenly precipitates^ a point which 
is usually sharply marked. The soap from ordinary oils is precipi- 
tated when from 8 to 10 c.c of the salt solution has been added, but 
that from coconut oil requires an addition of more than 50 c.o. 
Mixtures of the fatty acids from coconut or palmnut oil with those 
from other oils will of course require a volume of brine intermediate 
between these two limits. 

I. Exhaustion of the Soap wiih Alcohol. 

If the original soap be tolerably dry, ordinary rectified spirit is 
usually sufficiently strong for the treatment at this stage ; but if the 
sample contain much water, absolute, or nearly absolute, alcohol 
should be used, or the solution will have an objectionable tendency to 
gelatinise during filtration and other inconveniences will arise. It is 
recommended by both Leeds and Wright that the portion of the soap 
to be treated with alcohol should be a part of that previously ex- 
hausted with petroleum spirit, but, as pointed out by C. Hope, it is 
not possible to dry soap effectually without a notable conversion of 
the caustic alkali into carbonate. The treatment with alcohol can be 
effected either in the Soxhlet-tube, or by boiling the soap with the sol- 
vent, and filtering and washing in the usual way. 

E. Examination of the Alcoholic Solution. 

a. The determination of the free caustic alkali existing in soap caa 
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be effected very simply and accurately by the method of C. Hope 
described in the table, the error rarely exceeding 0*25 per cent of the 
total free alkali present. The test may be applied qualitatively, by 
dropping an alcoholic solution of phenolphthalein on to a freshly cut 
surface of the soap, when a red coloration will be produced, the in- 
tensity of which increases with the proportion of the alkali present. 
Caustic or carbonated alkali will also be indicated by the black or 
grey coloration produced by dropping mercurous nitrate on the freshly- 
cut surface. Each 1 c.c. of normal acid neutralised represents 0'0471 
grm. of KA 00561 of KHO, 0031 of NaA or 0040 of NaHO. 
Should it be desired to ascertain whether the free alkali consist of 
potash or of soda, the method described on page 294 must be em- 
ployed. 

It is possible to have a negative alkalinity shown at this stage. This 
result is due to. the presence of free fatty acid or a diacid salt, but 
acidity of the alcohol may produce the same effect. The volume of 
standard alkali required to be added before a pink color appears should 
be calculated to its equivalent of oleic add, which is stated in the 
analysis as existing in the free state. Any difference between this 
amount and that found in the petroleum spirit solution is due to a 
partial neutralisation of the free acid coexisting in the imperfectly 
mixed soap. The following method of treating the alcoholic solution 
of a soap in such a maimer as to allow of the determination of the 
leading constituents in a very rapid manner has been communicated 
to the author by C. Hope: — 2 grm. of the soap are dissolved in hot 
•absolute alcohol, a drop of -phenolphthalein solution added, and carbon 
dioxide passed till any pink coloration is destroyed. The liquid is 
then filtered, the residue, consisting of total impurities, washed with 
hot alcohol, weighed, and then titrated with decinormal acid and 
methyl-orange to find the alkali not existing as soap. The alcoholic 
solution is evaporated to dryness at 100*^, and the residue of dry soap 
weighed when constant. It is then ignited gently, treated with water^ 
and the solution titrate<^ with decinormal acid and methyl-orange to 
find the alkali existing as soap. The difference between this and the 
total residue before ignition gives the /otfy anhydrides, which, multi- 
plied by 1*03, gives the fatty adds. The water is found with sufficient 
accuracy by subtracting the sum of the weights of the impurities and 
dry soap from 100*00. 

It is necessary to avoid confusion between the alkali existing in a 
soap in the form of caustic potash or soda, and that existing therein 
gis a carbonate, silicate, or borate. If the determination be made.in 
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the alcoholic solation, as recommended, the caustic alkali alone will 
be present, the other compounds capable of neutralising acid being 
insoluble in spirit. On the other hand, the standard acid required to 
neutralise the aqueous solution of the soap (page 286) includes that 
corresponding to any soluble carbonate^ 8ilicaie^2knA borate or aluminate 
in the sample. 

The alcoholic solution of the soap rendered neutral to phenol- 
phthalein may be conveniently employed to determine the alkali exist- 
ing in combination with the faJtty and resin acids of the sample. To 
effect this, it is merely necessary to add a few drops of methyl-orange 
solution to the neutralised liquid, and then at once titrate with stand- 
ard sulphuric or hydrochloric acid. The point of neutrality is sharply 
marked by the production of a pink color, and the accuracy of the 
results are all that could be desired. 

In order to prevent misunderstanding, the volumetric methods of 
ascertaining the proportions of alkali existing in soap in various con- 
ditions may be recapitulated as follows : — 

In alcoholic solution of soap, — 1. Acid required to establish neutrality 
to phenolpbthalein corresponds to free caustic alkali, and is calculated 
to NaHO, KHO, NaaO, or KjO, according to circumstances. 2. Acid 
subsequently required by same solution to produce neutrality to 
methyl-orange represents the alkali existing <ls soaps of fatty and resin 
acids. 

In residue insoluble in alcohol, — 3. Acid required to produce neu- 
trality to methyl-orange corresponds to alkali existing as carbonate, 
silicate^ and borate. 

In aqueous solution of soap, — 4. Acid required to produce neutrality 
to methyl-orange corresponds to total alkali, whether existing as hy* 
droxide, fatty acid soap, resin soap, carbonate, silicate, borate, alum- 
inate, and soluble lime. This determination should therefore agree 
with the hum of 1, 2, and 3, or if any two of these have been deter- 
mined the third will be the difference between their sum and the total 
alkali (4). 

The volumetric determination of the alkali in soap gives no informa- 
tion as to whether it is potash or soda, or a mixture of them. To 
ascertain this it is necessary to separate them as sulphates or chlorides. 
This is best effected by treating the alcoholic solution of the soap 
which has been used for the determination of alkali, and is neutral to 
methyl-orange, with strong baryta- water, until the formation of a per- 
manent pink tint shows that the liquid is distinctly alkaline to phenol- 
pbthalein. A saturated solution of barium chloride is then added, as 
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long as further precipitation occurs, when the liquid is filtered from 
the barium sulphate and barium soap. The filtrate is evaporated to 
dryness, and the residue cautiously ignited at the lowest possible tem- 
perature. The residue is dissolved in water, the solution filtered, and 
treated with ammonia and ammonium carbonate, the precipitate 
filtered off, the filtrate again evaporated to dryness, and the residue 
gently ignited and weighed. In the mixed chlorides thus obtained, 
the potassium and sodium may be indirectly deduced from the per- 
centage of chlorine present, or the potassium may be directly deter- 
mined as potassium platinum chloride in the usual manner. The 
determination of the chlorine by dissolving the residue in water, and 
carefully titrating one-half of the solution with decinormal silver 
nitrate, using neutral potassium chromate as an indicator, will usually 
give sufficient information, and will, at any rate, sufiice to show 
whether the residue consists essentially of potassium chloride or of 
sodium chloride, or, if a mixture of the two, the approximate propor- 
tions in which they are mixed. 
The following formula may be used for calculation : — 

n A ^# ji vi _ij PercooLof total chlorine —47*58 
Per cent Of sodium chloride » oTsiS * 

L. Residue Insoluble in Alcohol. 

After drying and weighing the residue obtained at this stage, a 
minute quantity of it may be advantageously examined under the 
microscope, by which many substances will be revealed by their char- 
acteristic structure. Iodine solution will color starch granules blue 
and render them more distinct. 

If starch be found under the microscope, it is sometimes desirable 
to treat the residue with cold water, and examine the solution thus 
obtained separately from that subsequently obtained by the use of 
boiling water. Starch and gelatin will be contained in the latter only, 
but sodium silicate may be present in both solutions, a circumstance 
which is apt to occasion an undesirable complication. 

M. Examination of the Aqueous Solution op the Residue. 

Before dividing the aqueous solution and titrating one-half with 
standard acid in the manner described in the table, it is sometimes 
desirable to make a direct determination of the carbon dioxide 
evolved on treatment with acid, so as to obtain a means of calculating 
the amount of alkali-carbonate present. This is necessary when the 
soap contains borate or silicate in addition, but otherwise the car* 
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bonate can be deduced with accuracy from the titration of the solution 
'with standard acid. To determine the carbonate directly, the con- 
centrated solution should be treated with a moderate excess of standard 
acid in a carbon dioxide apparatus, and the evolved carbon dioxide 
ascertained by the loss of weight, precipitation as barium carbonate, 
or measurement in a nitrometer. 44 parts of COs correspond to 138*2 
of KaCOs, or 106 of Na,COs. 

1. After expelling the last of the carbon dioxide by warming the 
acidulated liquid, the solution should be divided into two or more 
equal parts, in one of which the excess of acid is determined by 
titrating back with standard sodium carbonate and methyl-orange, and 
hence the sum of the alkali existing in the four forms of carbonate^ 
sUiccUet borate, and aluminate ascertained, while the other portion is 
examined for borate, silicate, and aluminate as in 2. 

The solution which has been employed for the determination of the 
total alkali of the residue may then be divided into two or more 
equal parts, which may be employed for determining sulphcUeB by 
precipitation with barium chloride, starch by the methods described in 
vol. i. page 414, and to test for gelatin by means of tannin. If gelatin 
be found, it is best determined by treating another quantity of the 
soap with strong alcohol, and applying the Kjeldahl method to the 
residue. Gelatin contains about 17*9 per cent, of nitrogen. 

2. The other half of the aqueous solution of the residue insoluble in 
alcohol should be rendered distinctly acid with hydrochloric acid, and 
evaporated at 100° in porcelain. A slip of turmeric paper should be 
immersed in the liquid towards the end of the operation, and allowed 
to remain until the evaporation is complete. If a borate be present, 
the paper will become brownish -red in color, and will be changed to 
green, blue, violet, or black on addition of caustic soda solution. The 
residue is treated with hydrochloric acid, water added, and the solution 
filtered. The residue of silica is washed, dried, ignited, and weighed. 
As the sodium silicate present in soap is not of constant composition, 
though usually approximately corresponding to the formula NajSixOs, 
it is not possible to deduce the amount of alkali existing as silicate 
from the weight of the silica found ; but, in the absence of borates, it 
may be ascertained by determining the carbon dioxide evolved on 
treating the aqueous solution of the residue insoluble in alcohol with 
dilute acid. This estimation will give the means of calculating the 
alkali existing as carbonate, and the remainder of the alkali of the 
residue must exist as silicate (or aluminate). 

The filtrate from the silica may be conveniently employed for de^ 
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termiDing mlphates by precipitation with barium chloride, or of 
aluminium by precipitation with ammonium hydroxide and of calcium, 
in the filtrate by precipitation with ammonium oxalate. C. Hope 
states that free lime is not ud frequently present in soap, and may be 
detected and determined at this stage. Its presence would tend to 
increase the " alkali '' of the residue insoluble in alcohol. 



N. Besidue Insoluble in Petroleum Spirit, Alcohol, and 
Water. 

After drying the residue at 100^ and noting its weight, it is desirable 
to examine it under a low microscopic power, with a view of recognis- 
ing characteristic organic structures, which can be seen much more 
distinctly after the removal of the soluble matters. 

Whether any further examination of the residue is requisite neces- 
sarily depends on its amount and nature, and the object of the analysis. 
Among the various constituents of such a residue the following list 
comprises those most likely to be present : — 

1. Insoluble Organic Matters; suth as sawdust, bran, woody fibre 
from oatmeal. 

2. Mineral Pigments and Coloring Mattery; as red ochre, burnt 
umber, various other ferruginous materials, red leadj vermilion, 
Scheele's green, chrome green, ultramarine. 

3. Mineral Matters used as Scourers; such as sand, powdered quartz, 
pumice, and infusorial earth. 

4. Mineral Matters used as Adulterants or **Fillings**: such as china 
clay, steatite, barium sulphate, chalk, and whiting. 

The systematic recognition and determination of these and other 
possible additions belong to inorganic analysis. It is sufiicient here to 
indicate the following simple method of classification, with a view to 
facilitate further examination. 

Organic mutters may be approximately determined by igniting an 
aliquot portion of the residue. The loss will include the volatile con- 
stituents of china clay, whiting, red ochre, &c., as well as any ver- 
milion which may be present. 

By treatment with dilute hydrochloric acid, the original or ignited 
residue may be divided into soluble and insoluble constituents. The 
former include whiting, chalk, ultramarine, Scheele's green, oxide of 
iron, and the greater part of the ferruginous pigments ; while barium 
sulphate, steatite, sand, quartz, pumice, kieselguhr, china clay, chrome 
green, and vermilion are but little acted on. 
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Interpretation of the Results of Analysis of Soaps. 

An ordinary " soap " may be regarded as the hydrated salt of a 
higher fatty acid, or a mixture of such salts. When a soap is decom- 
posed by a dilute mineral acid, as occurs iu the course of an analysis, free 
fatty acids are produced, together with a chloride or other salt of the 
alkali-metal. Thus, in the case of sodium stearate, which is a typical 
soap, the reaction is as follows : — 

NaCisH^O, + HCl = NaCl -f- HCisHsjOj. 

Calculating from this formula, it is found that, on decomposition 
with acid, sodium stearate yields 92*8 per cent, of stearic acid. Simi- 
larly, the alkali in the soap would be stated to be 10*13 per cent., so 
that the analysis would be — 

Stearic acid, 92*81 per cent. 

8oda(Na,0), 1013 „ „ 

102-94. „ „ 

This statement shows an excess of nearly three per cent., owing to 
the hydrolysis which takes place in decomposition. It is evident that 
if the basic constituent of a soap be stated as anhydrous alkali, a cor- 
rection must be made in the actual weight of fatty acid found to 
bring it to the corresponding quantity of anhydride.^ 568 parts of 
stearic acid, CisHseOa, correspond to 550 of stearic anhydride, CseH^oOs, 
and the proportions of the respective anhydrides corresponding to 
palmitic and oleic acids are not very different from the above. Hence 
in soaps made from palm oil, olive oil, and tallow, the necessary cor- 

^ In a complete analysis of a soda soap, the constituents-should be stated in the foUoW' 
ing manner : — 

Per Cent. Per CiaJT. 

• Fatty anhydrides — ) ^ 

t Soda existing as soap, — ) 

Silica, — > 

t Soda existing as silicate — ) 

t Sodium carbonate, — 

t Sodium hydroxide (caustic soda, KaUO), — 

Sodium sulphate, — 

Sodium chloridei . — 

Lime, — 

Iron oxide, — 

Water, — 

• = Fatty adds per cent. 

t = Total detergent alkali, as NagO per cent. 
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rectioD of the observed weight of fatty acids to the corresponding 
quantity of fatty anhydrides may be made by multiplying by the 
factor -97, 100 parts of CisHuO, representing approximately 97 of 
CaeHroOs. But iu the case of coconut and castor-oil soaps, and many 
others made with mixed oils, this factor is far from accurate, and 
hence it is in all cases decidedly preferable to determine the mean 
combining weight of the isolated fatty and resin acids, as described on 
page 286, and calculate the corresponding weight of fatty anhydride 
therefrom. The mean combining weight of the anhydride is always 9 
less than that of the corresponding acid. The usual figures for the 
fatty acids isolated from various fatty oils are given on page 238. 

Gassier {J. 8. C. J., 1882,370) gives the following analyses of Ger- 
man resin soaps in comparison with Sinclair's ** cold water soap" : — 



Descbiption of Soap. 



German soap, . 
German aoap, . 
Sinclair's soap, 



Fatty 
Acids. 



S6-25 
53-65 
46-87 



Resim. 



14-75 
17-35 
2313 



Soda. 



12-75 
12-55 
12-00 



Talc. 



1-00 



Water. 



16-25 
16-45 
18-00 



A considerable number of analyses of soaps have been published, 
but there are comparatively few on which much reliance can be 
placed. In the great majority of cases the observers appear to have 
been content to state the amount of fatty acids and alkali as deduced 
from the ash, the remainder being entered as " water, &c" Such 
meagre and inexact information as is supplied by such ** determina- 
tions " is of very little value. The author is indebted to Mr. G. Hope 
for the valuable analytical data contained in the table on page 298. 
Samples 10 and 18 were prepared by the " cold process," and hence 
contained the glycerol produced by the saponification. This accounts 
for the sum of the estimated constituents being sensibly below 100*00. 
Samples 3, 4, and 12 were the only three which contained free caustic 
alkali, and in these it only reached the proportions of 0*16, 0*26, and 
0*15 per cent of NaHO respectively. Hope points out that a striking 
feature of the analyses is the variable composition of the silicate exist- 
ing in the soap, although as added it is tolerably constant in compo* 
sition. This is attributed by Hope to the property possessed both by 
rosin and fats of taking alkali from sodium silicate, in which case the 
change will occur only in those soaps to which the silicate was added 
before saponification was complete. 
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W. Lant Carpenter gives the following analyses in his treatise on 
Soaps and Candles: — 



Description of Soap. 


Fatty 

AOIDS. 


SonA 

A8 

Soap. 


Soda 

IN 

Other 
Forms. 




Neu- 

TRAL 

Salts. 


Water. 


TOTAU 


Primrose soap as in South and 
Westof England, 

Primrose soap as in North of 
England, ... .... 

Genuine " cold water '• soap, . 

Manufacturers' neutral curd 
soap, 


62-3 

42-66 
70-2 

67-9 

68-60 


6-7 

5-41 
7-3 

7^ 

7-88 


1-21 
1-8 

(TO 

1-00 


0*94 
1-6 


0-2 

0-55 
0-4 

0-2 

1-00 


32-8 

50-40 
220 

28-0 

21-00 


1020 

10117 
108-3 

103-1 

99-48 


Manufacturers' brown oil soap, 
from oleic acid 



M. Dechan {Pharm, Jour. [3], xv. 870) gives the following as the 
average composition of a number of samples of the chief soaps of 
pharmacy examined by him : — 



Description or 
Soap. 




11 

5^ 


< 


i 

•J 


s g 


|l 


1 


!■! 


Hard sonp (Sano dunut), 
White Castile soap {S. 

. ciutU. alb.) 

Mottled Castile soap, . . 
Tallow soap {Sapo ani- 

malu), 

Soft soap {Sapo mollis). 


81-5 

76-7 
681 

78-3 
48-5 


9-92 

9-14 
8-9 

9-57 
12-6 


•08 

•09 
•19 

•28 
•38 


•00 

DO 
•15 

■00 
•17 


•28 

•36 
-68 

•47 
-98 


0-2 

0-9 
0-8 

0-4 
1-0 


10-65 

13-25 
21-70 

12-60 
39-50 


0-5 

0-6 
1-3 

11 



Partial analyses of various representative samples of carbolic soap 
are given on page 284. 

But few complete analyses of soft soap have been published, but the 
proportion of water in samples of good quality is usually between 35 
and 45 per cent., whilst the anhydrous oxide (KaO) varies from 8 '8 to 
11*2 percent. 

In forming an opinion as to the quality of a soap, the application to 
be made of it is a primary consideration. In practice, water in 
moderate proportion must be regarded as a useless but unavoidable 
constituent, but if present in the enormous proportion sometimes ob- 
served it can only be regarded as an adulterant. 

In some of the best brands of opaque toilet-soap made by special 
methods, the proportion of water does not exceed 10 or 12 per cent., 
but the majority of the best qualities of soap, known as Marseilles, 
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curd, brown Windsor, honey, and primrose, contain from 17 to 24 per 
cent, of r/ater. In some of the transparent toilet soaps, made by 
solution in alcohol, the proportion of water is very small (9 to 10 per 
cent.), but this advantage is more than counterbalanced by the pres- 
ence of 20 to 30 per cent, of sugar. Transparent soaps made in other 
ways, as by the " cold process,'' rarely contain half their weight of 
actual soap, the remainder consisting of water and sugar. 

Practically, the proportion of alkali in a soap is the best single test 
of its quality, but here again a distinction must be drawn between 
alkali existing in combination with fatty and resin acids, or, in other 
words, as true soap, and that existing in other conditions, particularly 
the caustic state. Wright arranges toilet soaps in three classes, accord- 
ing to the proportion the " free " or inorganic alkali bears to the alkali 
existing as soap. Thus, soaps containing less than 2'5 parts of free 
alkali for 100 of alkali as soap are arranged in the first class, 
those containing between 2 5 and 7'5 in the second, and those con- 
taining more than 7*5 in the third class. But, in judging of the 
quality of a toilet soap, Wright also takes into account the freedom of 
the soap from adulterants, ** filling," water, and " closing up " agents, 
and from poisonous coloring matters ; as also the nature and quality 
of the fatty matters used as basis, and their freedom from rancidity. 

Although the absence of a notable proportion of "free" alkali is 
important in the case of toilet soaps, owing to its powerful action on 
the skin, it does not follow that a similar absence of alkali is advan- 
tageous under other conditions. On the contrary, for scouring and 
household purposes, a limited proportion of free alkali is advantageous, 
and in the case of some soaps used by manufacturers the presence of 
a very considerable proportion of caxistic alkali is essential to success, 
a solution of alkali with sufficient soap in it to cause lathering being 
preferred. A neutral soap, however pure, will for such uses be re- 
garded as deficient in ''strength,'' and will often cause trouble through 
the precipitation of free fatty acid or acid soap in the fabric with 
which the soap is used. 

The nature and origin of the acids are sometimes of interest in 
judging of the suitability of a soap for certain purposes. The presence 
of rosin acids, and of the acids from coconut or palmnut oil can be 
ascertained as described on page 289 et seq., and it is rarely of inter- 
est to inquire further, except in the case of soap containing coal-tar 
acids, which can be examined as described on page 281. 

The legitimate character of the various additions to soap must be 
judged of on the merits of each case, but, as a general rule, the less 
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extraDeous matters present the better. It is said that, for some pur- 
poses, as in *the treatment of wool and silk, a small proportion of 
starch is an advantage. In contracting to supply manufacturers of 
textile fabrics, the soapmaker is frequently obliged to settle definitely 
the proportions of fatty acids, resin, alkali, and potato-starch which 
shall be present in the soap. < A soap suitable for fulling cloth and 
for other purposes should not contain less than 40 per cent, of fatty 
acids, nor more than 5 per cent, of rosin and 6 of potato-starch. 

Dextrin, sugar, starch, Irish moss, and gelatin are in most cases 
purely adulterants, as also are kaolin, barytes, and other insoluble 
earthy matters; but soluble carbonates, silicates, and borates have 
marked detergent properties. 



GLYCEROL. GLYCERIN. 

Tritenyl Alcohol. 

C3HA = CsH»(0H),. 

Glycerol is a triatomic alcohol, and bears the same relation to ethyl 
alcohol that orthophosphoric acid bears to nitric acid. The name 
glycerol has reference to its chemical position as an alcohol. It is a 
constant product of the ordinary fermentation of sugar, and hence is 
a natural constituent of wine, beer, and other fermented liquids. It 
is produced by the saponification of the fixed oils, and the commer- 
cial article is always obtained by this means (see pages 44-47). 
The term " glycerin " is conveniently reserved as a designation of com- 
mercial forms consisting of true glycerol with variable amounts of im- 
purities. Pure glycerol is a colorless, viscid liquid, without odor, but 
having an intensely sweet taste. It is optically inactive. 

The Specific gravity of absolute glycerol has been determined by 
a number of observers, whose results are not in entire agreement. 
The following are the specific gravities given by the authors in ques- 
tion, for the temperatures at which their observations were made, 
together with the corresponding figures for a uniform temperature 
of 15^ C. The latter have, when necessary, been calculated by 
the author, taking Gerlach's value of 0*00065 as the decrease-in the 
specific gravity of glycerol for a rise of temperature from 15° to 16** C. 
The glycerol employed by Lenz (^Zeits. Anal. Ckem,, 1880, 297) had 
its composition calculated from the results of an elementary analysis ; 
Strohmer {Monaishefie far Chemie, v. 61) employed crystals of glycerol 
from which adhering liquid had been removed by pressure; while 
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Gerlach (Die Chemische Industrie, vii. 281) used glycerol which had 
been heated till it boiled constautlj at 290° C. 



Odskrvkb. 


Observvd Specific Gravity. 
(Water at same temperature » 1.) 


Calculated 
Spixific 
Gravity. ^ 
(Water = 1.) 


At 12°. 


At li\ 


At 17-50 


At20o. 


At 15° a 


Champion and Pellet 


1-2691 


1-2640 

l-'266 
1-2653 

1-2650 
1-266 


1-261 
1-267 
1-262 . 


1-2620 


1-2640 
1-2626 
1-2660 
1-265.3 
1-2686 
1-2672 
1-2650 
1-2636 
1-2660 


Fabian , 


Fuchs 


G. T. Gerlach 

F. Hoffmann 

W.Lcnz 

Skalweit 


Strobmer 


Vogel 


Mean 


1-2654 



Chevreul and Schweikert give the specific gravity of glycerol as 
1*267, but do not state the temperature of the determination. Salman 
and Berry (Analyst, xi. 12) prefer the higher determinations, adopt- 
ing the value 1*2675. The number 1*2665 may be regarded as being, 
on the whole, a preferable value for the specific gravity of absolute 
glycerol at 15° C. 

At — 40° glycerol solidifies to a gum-like mass. When kept for 
a long time at 0° rhombic crystals are formed, their production being 
greatly facilitated by the presence of a ready-formed crystal. The 
crystals are hard and gritty, but deliquescent. 

Glycerol boils under the ordinary pressure at 290° C, according to 
some observers with slight decomposition. A small proportion of water 
greatly lowers the boiling point, a specimen containing 5 per cent, of 
water boiling at 164° C. On the other hand, G. T. Gerlach recom- 
mends the constant boiling point of glycerol as a convenient means of 
determining the 290° point on high- temperature thermometers. Under 
diminished pressure it distils without change. The boiling point is 
179-5° C. for a pressure of 125 mm., and 210° C. for a pressure of 50 
mm. It is not volatile at the ordinary temperature, but evaporates to 
an appreciable extent at 100°. Contrary to the statements of Nessler 
and Barth, Hehner has shown (Analyst, 1887, 67) that glycerol is not 
volatilised with aqueous vapor from dilute solutions. When evaporated 
at the boiling temperature appreciable loss does not occur until the 8olu« 
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tion contains about 70 per cent. It is highly hygroscopic, absorbing 
as much as half its weight of water when exposed to damp air. It is 
miscible with water in all proportions, the specific gravity of the mix- 
ture decreasing tolerably regularly with the proportion of glycerol,, 
as shown in tables given below. 

Glycerol is neutral in reaction, and acts as an antiseptic, even when 
largely diluted, but by schizomycetic fermentation it yields butylic and 
propylenic alcohols. It is miscible in all proportions with alcohol, but 
is insoluble in chloroform, benzene, petroleum spirit, carbon disul-, 
phide, or fixed oils, and nearly insoluble in ether, from which it sepa- 
rates any alcohol or water. It is soluble in a mixture of two volumes 
of absolute alcohol and one volume of ether, — a fact which may be 
employed to separate it from the sugars, gums, gelatin, and various 
salts. Another useful solvent is a mixture of equal weights of chloro- 
form and alcohol, in which liquid the sugars, dextrin, gums, and many 
extractives are insoluble. 

Glycerol possesses remarkable solvent properties, dissolving many 
bodies with greater facility than does water. This is true of iodine, 
phenol, mercuric iodide, and the alkaloids. Even silver chloride is 
very sensibly soluble in glycerol. Glycerol also dissolves the caustic 
alkalies, potassium sulphate and chloride, the corresponding sodium 
and copper salts, the vegetable acids, and all deliquescent salts. It 
removes ferric chloride and thiocyanate, auric chloride, and some 
other substances from ethereal solution on agitation with them. 

The precipitation of chromic solutions by ammonium hydroxide and 
of cupric solutions by fixed alkalies is wholly or partially prevented 
by the presence of glycerol. With the alkaline earths and lead oxide 
glycerol yields compounds which are soluble in water, and the solutions 
of which are not decomposed by carbonic acid. 

When gently heated with solid caustic potash, glycerol is converted 
into potassium acetate and formate, with evolution of hydrogen. 
When heated with a dehydrating agent (e.<7., concentrated sulphuric 
acid) irritating fumes of acrolein (acrylic aldehyde), CaHj.COH, are 
evolved, smelling like burning fat. Glycerol is very readily oxidised 
to carbon dioxide and water, but when carefully treated with nitric 
acid it is converted into a mixture of oxidation-products in which 
oxalic acid, glyceric acid (CsHeO*), and other organic acids occur. By 
treatment in dilute aqueous solution with potassium permanganate, in 
presence of excess of caustic alkali, glycerol is oxidised in a very 
definite manner with formation of oxalic and carbonic acids. By 
treatment with potassium dichromate and sulphuric acid, it is com- 
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pletely oxidised to carbon dioxide and water.. These reactions are 
utilised for the determination of glycerol (see page 314 et aeq.). 

Glycerol Esters. 

Bj treatment with a cold mixture of fuming nitric and concentrated 
sulphuric acid, glycerol is converted into tritenyl nitrate or " nitro- 
glycerin," CHjCCNO,),. 

On mixing glycerol with strong sulphuric acid, a body of the formula 
CHft(0H)«S04H is produced, which has acid properties and forms 
soluble but unstable barium, calcium, and lead salts. 

Glycerol-phosphoric acid, C8H6(OH),PO«H„ is obtained by the 
action of metaphosphoric acid or phosphoric anhydride on glycerol. 
It is of interest as being a proximate product of the decomposition of 
the highly complex phosphorised constituents of the brain. The cal- 
cium salt, CaCjH5(OH),P04, is easily soluble in cold water, but sepa- 
rates, on warming the solution, in snow-white glistening tablets or 
scales, which redissolve on cooling. 

Glycerol dissolves large quantities of arsenious oxide to form a 
compound of the formula CsHgAsOs, tritenyl arsenite, which has been 
employed by calico-printers for fixing aniline colors. It is an amber- 
yellow, fatty substance, melting at 50^ to a thick liquid which is 
soluble in glycerol and in water, but is decomposed by excess of Ihe 
latter liquid. 

When 3 parts of glycerol are heated to about 160^ C. with 2 of 
boric acid, tritenyl borate, CsHsBOs, is formed, which has been patented 
as a preservative agent under the name of *' boroglyceride." 

By heating glycerol with organic acids, esters are formed, of a com- 
position dependent on the conditions of -their formation. These esters 
are often called glycerides and are specifically designated by names 
ending in in, the mono-, di-, and tri-acetates being called respectively 
monacetin, diacetin, and acetin. Similarly, stearic acid gives rise to 
stearins, oleic acid to oleins, butyric acid to butyrins, and so forth. 
The stearins, palmitins, and oleins have already been described. 

Detection of Glycerol. 

When in a state of reasonable purity and concentration, glycerol 
may be recognised by its physical properties, no other substance 
likely to be met with exhibiting the combined characters of a dense 
viscous liquid of sweet taste and neutral reaction; miscible with 
water and alcohol in all proportions; volatile at a high temperature; 

VOL. II.— 20 
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burning \9ith a blue flame when kindled; and leaving no carbon- 
aceous residue. 

The most characteristic reaction of glycerol is its behavior when 
heated in a concentrated state with potassium hydrogen sulphate, 
whereby it is converted into acrolein, C3H4O, with elimination of the 
elements of water. The acrolein is recognisable by ite extremely 
penetrating odor, resembling that of burning fat, and 'its property of 
causing a flow of tears. If the vapors be passed into water, the warm 
solution will be found to have the property of reducing ammonio-silver 
nitrate, with formation of a mirror of metallic silver. 

If two drops of concentrated glycerol be treated in a dry test-tube 
with two drops of fused carbolic acid and the same quantity of strong 
sulphuric acid, and the mixture heated very cautiously over a flame 
to about 120^ C, a brownish-yellow mass will be produced, which, 
after cooling, dissolves in water, to which a few drops of ammonium 
hydroxide have been added, with splendid carmine-red coloration. 

According to Reichl minute quantities of glycerol can also be 
detected by boiling the solution to be examined with a minute quantity 
of pyrogallol and a few drops of sulphuric acid diluted with an equal 
volume of water, when a red color will be produced, changing to 
violet-red on adding stannic chloride. Carbohydrates and various 
alcohols give similar reactions. - 

lu common with other polyhydric alcohols glycerol acts on borax 
to form a compound having an acid reaction to litmus, whereas the 
original aqueous solution of borax has an alkaline reaction. In the 
case of glycerol, tritenyl borate, CsHjBO,, is formed, together with 
sodium metaborate, NaBOj. The reaction may be utilised both in the 
wet and the dry way. Senier and Lowe recommend that the solution 
to be examined should be made faintly alkaline to litmus with dilute 
solution of soda, and a bead of borax (made by fusing the salt on a 
loop of platinum wire) dipped into iL The bead is allowed to rest for 
a few minutes, so as to allow solution to take place on its surface, and 
is then held in the flame of a Bunsen burner. A more delicate plan is 
to place some powdered borax in a watch-glass, pour on it some of the 
faintly alkaliue liquid to be tested, and, by means of a looped platinum 
wire, introduce some of the mixture into the flame. In either case a 
deep-green flame will be produced if a moderate quantity of glycerol 
be present, but the reaction becomes indistinct if the liquid contains 
less than 5 per cent. For detecting glycerol in beer, wine, milk, &c., 
50 or 100 c.c. of the liquid should be evaporated to dryness on the 
water-bath, the residue extracted with absolute alcohol, the solution 
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00 obtaiqed again evaporated, and the resultant residue moistened 
with a few drops of water and tested with borax as above described.. 
Ammonium salts, glycol, and erythrol give a similar reaction to gly- 
cerol. Ammonium salts may be thoroughly removed by evaporating 
the original liquid with sodium carbonate. 

The reaction of glycerol with borax has been v^ry thoroughly studied 
by W. B. Dunstan, who recommends the following mode of procedure : 
— To 2 c.c. of a dilute solution of borax in water (1 part in 200) 
sufficient of an alcoholic solution of phenol phthale'in is added to^color 
the liquid rose-red. The liquid to be tested for glycerol is rendered 
neutral or very faintly alkaline to litmus, and gradually added to the 
borax solution until the rose color is discharged. The liquid is then 
heated to boiling, when the red color will be riestored, to disappear 
again on cooling the solution. Excess of glycerol is to be avoided,,' 
otherwise the. alkalinity of the solution, to which the pink coloratioa 
is due, is only partially restored by boiling. Using 2 c.c. of the borax 
solution, about 5 c.c. of a 2 per cent, solution of glycerol must be added 
to destroy the color, and the Ijmit of reaction is practically r^ched. 
with a solution of this strength. The reaction is also given by nian*« 
nitol, erythrol, dextrose, levulose, lactose, and niycose,but not by suc^ 
rose. Guaiacol, pyrogallol, and saligenol also give the reaction. Orcinol 
and resorcinol, when added in large quantity, partially destroy the 
red color, but it is not restored by boiling. The reaction is a moid 
delicate one for maonitol than for glycerol, and the influence of 
dilution is not so great. Ammonium salts discharge the red color, but 
it is not restored on beating. 

Determination of Glycerol. 

The accurate determination of glycerol, when existing in a complex 
mixture together with other neutral organic and inorganic matters, 
cannot be said to have received a satisfactory solution under all cir- 
cumstances. The problem is further complicated by the fact that 
solutions of glycerol cannot be highly concentrated without serious 
loss from volatilisation ; and that the presence of glycerol materially 
increases the solubility of many substances in aqueous and alcoholic 
solutions. 

Gerlach has described a method and apparatus for deducing the 
percentage of glycerol in aqueous solution, from an observation of the 
vapor tension. 

F. Strohmer proposed to estimate glycerol in admixture with water 
by observing the refractive index of the liquid, which can be readily 
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and accurately effected by means of the refractometer. The methodf 
might be useful when the volume of glycerol is not sufficient to per- 
mit a determination of its specific gravity. 

When occurring in admixture with water only, the proportion of 
glycerol present can be deduced with a very fair approach to accuracy 
from the specific gravity of the liquid. Tables of specific gravities of 
mixtures of glycerol with water have been published by several 
chemists. 

The following table, by Skalweit {Repertor, d, ancUyt, Chemie^ v. 18)^ 
gives the specific gravities and refractive indices for the sodium ray, 
at 15^ C, of mixtures of glycerol and water in various proportions : — 
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1-4444 
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1-3490 


47 
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81 
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1-4460 


14 
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1-3503 


48 
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1-3966 


82 


1-2179 


1-4475 


15 
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1-3516 


49 
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1-2206 


1-4490 
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1-0390 
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1-0724 
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97 


1-2575 


1-4698 


80 


1-0750 


1-8715 


64 
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1-2600 
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10777 


1-8729 
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1-4220 


99 


1-2625 


1-4728 


32 


10804 


1-3743 


66 


11743 


1-4235 


100 


1-2650 


14742 


33 


10831 


1-3757 


67 


1-1771 


1-4250 









The specific gravity of glycerol is best observed by means of the 
hydrostatic balance, as the indications furnished by the hydrometer 
are liable to be two or three degrees ('002 or •003) in excess of the 
true amount. 

In pouring the glycerol, great care should be taken that no bubbles 
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of air are formed, which in the cold may require a very long time to 
rise to the surface. The liquid should be poured so that it flows down 
the side of the cylinder. 

Hehner (/. S, C. /., 1889, 8) prefers the use of a Sprengel tube, 
which is filled, by means of an air-pump, with the glycerol, previously 
heated in a closed flask on the water-bath to reduce the viscosity. 
The tube is then immersed in water at 15*5^. Should the temperature 
be not exactly 15'6*^, a correction of '00058 may be made for each 
degree. Hehner regards the table of specific gravities prepared by 
Lenz as the most accurate. The determinations were made at 12- 
14^. By use of the factor mentioned above Richmond has recalcu- 
lated Lenz's table to 15*6®. 
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1-2433 


78 


1-2090 
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1-2406 


77 


1-2064 


89 


1-2380 


76 


1-2037 


88 


1-2363 


75 


1-2011 



See vol. I, page 21, for Squibb's method of determining specific 
gravity. 

Lewkowitsch {Chem, And, of Oils, Fats and Waxes^ p. 793) prefers 
the following method: — The sample is warmed in a closed bottle by 
immersing in warm water until all air-bubbles have collected at the 
top. The glycerol is then allowed to cool in the cooled bottle, preferably 
to the normal temperature, and then carefully filled into the ordinary 
specific gravity bottle provided with a perforated stopper. If this has 
been pushed home, after the last filling, the very small drop of glycerol 
squeezed out is wiped off with a liuen cloth and the bottle taken out 
of the water-bath. The determination may be made exact to the 
fourth decimal if the weights are reduced to vacuum. Complicated 
calculation is avoided by determining once for all the necessary cor- 
rections for the pycnometer when filled with water. Suppose the 
weight/) has been found in air, then the corrected weight P will be:^— 
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For brass weights, the correctiou R for the specific'gravities likeljr 
to occur is found from the following table : — 
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The determination of the specific gravity is still available for the 
estimation of glycerol in presence of neutral salts, both inorganic and 
organic, provided that proper allowance be made for the influence on 
the specific gravity of the liquid exerted by the salts present. 

Isolation op Glycerol. 

In very many cases the determination of glycerol by direct weigh- 
ing or by the observation of the specific gravity of the solution is in- 
applicable, owing to the presence of foreign matters the quantity or 
influence of which cannot be ascertained or allowed for. Under such 
circumstances it is often requisite to isolate the glycerol in a state of 
approximate purity. This can frequently be effected qualitatively in 
a very satisfactory manner, but it too often happens that the evapora- 
tions which are necessary steps in the process cause such a loss of 
glycerol by volatilisation as to render the result of little value. 
Albuminous and some other foreign matters may be separated from 
a solution containing glycerol by adding a solution of basic lead 
ncetate, and subsequently removing the excess of lead from the fil- 
tered solution by means of hydrogen sulphide. This method may be 
employed for the analysis of the pharmaceutical preparations known 
as "glycerol of tannic acid*' and "glycerol of gallic acid," and is 
useful as one stage of the treatment of soap lyes for the determination 
of glycerol. 

Albuminous and some other organic matters can often be removed 
completely by precipitating the slightly alkaline solution with zinc 
chloride. The precipitate is filtered ofi* and the filtrate rendered 
faintly acid, when a furtl)^r precipitation will often occur. The last 
traces of zinc may be removed from the solution by potassium ferro- 
cyanide, which is also a very perfect precipitant of albumin. 

Dilute glycerol may be further purified by evaporating off* the water 
at as low a temperature as possible, and treating the residue with abso- 
lute alcohol, a mixture of alcohol and ether, or a mixture of alcohol 
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and chloroform, accordiDg to circumstances. Absolute alcohol readily 
dissolves glycerol, while many classes of salts (e.^., metallic sulphates, 
phosphates, tartrates, &c.) are insoluble. The alkali-metal chlorides 
are not completely separated by alcohol alone, but a mixture of equal 
measures of absolute alcohol and dry ether leaves them undissolved. 
The same solvent serves to separate glycerol from sugar, but the use 
of a mixture of two measures of absolute alcohol with one of chloro- 
form is preferable. If the filtered solution be treated with about twice 
its measure of water, the chloroform separates from the diluted alcohol, 
andjoften carries troublesome coloring matters with it. 

Any process of determining glycerol which involves the evaporation 
of an aqueous or alcoholic solution and isolation of the glycerol in sub- 
stance is deficient in quantitative accuracy, as evaporation of glycerol 
in the latter end of the concentration is unavoidable, and the loss from 
this cause is often very considerable. Even absolute glycerol ]» 
sensibly volatile at 100^, the loss of weight varying with the mode of 
heating, the shape and material of the containing vessels, and the 
surface exposed. 

The following figures, due to Nessler and Barth (^Zeita. Anal. Chem., 
1884, 323), show the rate of evaporation of glycerol under difiereut 
conditions. The experiments were made with glycerol which had been 
heated for six hours over a water-bath at 100^ C, and then for six 
hours longer in an air-bath heated to 100^. In one series of experi- 
ments the glycerol was exposed in a water- oven at 100^ C. in a 
platinum dish 20 mm. high and 80 mm. diameter at the top, and 60 
at the bottom ; in the other, it was heated in a beaker of thin glass 
40 mm. high and 48 mm. in diameter : — 





Platinum Dish. 


Glass Beakkb. 


1 grm. lost, in first 2 hoars, 


46 mgrm. 


36 mgrm. 


„ „ in second 2 hoars, 


29 




" „ 


„ „ in third 3 hoars, 


21 




5 „ 


Average for last 3 hoars, 


7 




1-7., 


0*5 grm. lost in first 2 hoars, 


36 




45 „ 


„ „ in second 2 hoars, 


28 




11 ,, 


„ ,, in third 3 hoars, 


2t 




6 „ 


Average for last 3 hoars, 


7-7 




2 „ 



The following figures show the loss of weight when heated on i 
open water- bath kept briskly boiling : — 

Platinum Dish. Glass Bkaxbr. 

1 grm. lost, in 1 hour, 37-39-29-30 mgrm. 30-18 mgrm. 
0-5 „ ., „ 34-29-24-30 „ 11-2 „ 



312 GLYCEROL. 

Other experiments conducted in platinum and glass vessels of vari- 
ous diameters showed that the loss increased with the diameter of the 
vessel (i.e., with the surface of glycerol exposed), and that the rate of 
evaporation was less in a vessel composed of a material of low con* 
ducting power. 

The volatilisation of glycerol during the evaporation of an aqueous 
liquid may be prevented by adding an excess of lime, which forms a 
compound with it, but Clausnizer has shown (Zeits. Anal. Chem.^ 1881, 
58) that from the product the glycerol cannot be dissolved by absolute 
alcohol, and if hydrated alcohol be employed, caustic alkalies result- 
ing from the reaction of the lime on phosphates may pass into the 
alcoholic liquid, and carry with them bodies not otherwise soluble. 
Even if excess of lime be avoided, the glycerol cannot be extracted 
completely from the residue by cold alcohol or ether-alcohol. For the 
determination of the glycerol contained in beer and similar liquids, 
Clausnizer recommends the following process, which is essentially the 
same as that for .the determination of glycerol in mne, described in 
volume i. page 80: — 50 ac. of the liquid are evaporated at 100^ in a 
dish containing a previously tared glass rod. As soon as the carbonr 
dioxide has escaped, about 3 grm. of slaked lime should be added and 
the whole evaporated to a syrup, when about 10 grm. of coarsely-pow- 
dered marble should be stirred in, and the stirring repeated occasion- 
ally during the drying, until hard lumps remain. The dish is then 
reweighed, the contents rubbed to powder^and an aliquot part {i or }) 
thoroughly extracted in a Soxhlet-tube with 20 c.c. of rectified spirit. 
The alcoholic extract is mixed with 25 c.c. of dry ether, and after 
standing for an hour is filtered into a small weighed flask, and the 
filter and precipitate washed with ether-alcohol (3 : 2). The flask is 
placed in an oblique position on a gently heated water-bath, until the 
ether and alcohol are removed, and the residue is then dried in the 
lightly covered flask at 100^, until the loss is not more than *002 grm. 
in two hours, which occurs in from 2 to 6 hours. After weighing the 
glycerol, it is desirable to wash it with a little alcohol into a platinum 
dish, evaporate, and ignite. The weight of the ash obtained is deducted 
from that of the impure glycerol previously found. 

The foregoing process possesses the advantage of general applica- 
bility, and may be modified as required for particular purposes. 

To determine the glycerol resulting from the saponification of a 
fixed oil, J. David {Compt. Rend., xciv. 1477) takes 100 grm. of the oil 
or fat, heats it moderately in a porcelain dish, and adds 65 grm. of 
crystallised barium hydroxide, with brisk stirring. When most of the 
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water is expelled the heating js discontinued. 80 c.c. of very strong 
alcohol is then poured on the mass, and the whole well stirred, when 1 
litre of water is added, and the whole boiled for one hour. The in-i 
soluble barium soap is filtered off and washed twice with cold water, 
the filtrate faintly acidulated with sulphuric acid, again filtered, and 
the filtrate concentrated to about half its measure. A small quantity 
of barium carbonate is then added to remove the last traces of sul 
phuric acid, the liquid again filtered, and the filtrate evaporated to 5« 
C.C. at a low temperature, when the contained glycerin is deduced fron^ 
the density o the liquid. If desired, the liquid can be further co*^ 
centrated, and the glycerol extracted with ether-alcohol, &c. 

The objection has been raised to this and similar methods that 
saponification of some fats by barium hydroxide is not complete. 

A process proposed by H. Raynaud for the estimation of glycerol 
in vdne might probably be applied to the assay of spent lyes and crude 
glycerol. The liquid is concentrated to a small bulk and then treated 
with a large excess of alcohol and hydrofluocilicic acid. The liquid 
is filtered from the insoluble alkali-metal silico-fluorides, the precipi- 
tate washed with alcohol, and the filtrate treated with a slight excess 
of barium oxide, mixed with sand, and evaporated in vacuo. The 
residue is extracted with a mixture of equal volumes of alcohol and 
ether, the solution evaporated and the residual glycerol weighed after 
being dried in a vacuum for twenty-four hours over phosphoric anhy- 
dride. Any ash left on igniting the isolated glycerol is deducted from 
the original weight. The method might be materially shortened by 
adding silver sulphate drop by drop to the liquid filtered from the 
barium silicofluoride, as long as a precipitate is produced. By this 
means a mixed precipitate of barium sulphate and silver chloride 
would be obtained, and the filtrate, after evaporating off the alcohol, 
would be practically pure dilute glycerol, the strength of which could 
be deduced from the specific gravity. 

Determination op Glycerol by Chemical Methods. 

All the foregoing methods of determining glycerol aim at isolation 
of the substance in an approximately pure state, or mixed with water 
and saline matters only. The following processes, on the other hand, 
are based on the chemical reactions of glycerol. 

Morawski (Jour,f. Praet. Chem.^ xxii. 401) has described a method 
of determination based on the fact that, on heating glycerol with 
litharge, a solid monoplumbic glyceride. is formed, of the composition 
C^H^PbOs, one molecule of water being eliminated. Muter's process 
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(AwUysl, 1881, 41) is based upon the solubility of copper hydroxide 
in potwium hydroxide and glycerol. Boulez*s method is based upon 
the conversion of the glyperol into calcium glycerophosphate, and 
that of Diez upon . its conversion into benzoate. All these furnish 
results less. accurate than the oxidation and acetin methods abobt to 
be described. That of Hehner, depending upon the oxidation of 
the glycerol by potassium dichromate, is perhaps the most satisfac- 
tory on the score of general applicability, .accuracy and ease in 
manipulation. 

H. G. von Torring estimates the glycerol in brandy lyes as follows : 
The liquid is filtered and 30 c.6. are evaporated on the water-bath 
to 5 €.0. 15 grm. of burnt gypsum are mixed with the residue, and 
When the mass begins to set it is well powdered and exhausted for six 
hours with alcohol in an extraction apparatus. The alcoholic solution 
Is treated with 10-20 c.c. of water and heated until all the alcohol is 
drivea off, when the residue is distilled. Tlue distillation apparatus 
consists of a retort ■ resting in an air-bath, and a Liebig's condenser. 
The receiving flask has a neck connected with an air-pump. The dis- 
tillation is at first carried on at 150^-170^ without working the air- 
pump, until all the water has passed over into the receiver. The 
pump is then set to work and the temperature raised to 190^-210^. 
When all the glycerol has come over, about 3 to 4 c.c. of water are 
added to the contents of the retort, and distilled at 150^-170^ under 
ordinary pressure in order to wash ail the glycerol into the receiver. 
The yellowish distillate, amounting to 10 or 15 c.c, is mixed in the 
receiver with 5 c.c of benzoyl chloride and 35 c.c. of a 10 per cent, 
solution of sodium hydroxide with frequent cooling and shaking to 
consolidate the precipitated benzoic ester, which is finally collected on 
a weighed filter, washed with water, dried for two to three hours at 
100° C. and weighed (3*85 grm. = 1 grm. glycerol). 

The estimation of the glycerol in the distillate would be preferably 
made by Hehner's method (see below). The separation of glycerol 
from non-volatile matters by distillation in vacuo appears to be capa- 
ble of useful application. 

Permanganaie Oxidation Process. — The estimation of glycerol may 
be effected by oxidation to oxalic ncid by an alkaline solution of 
potassium permanganate, the reaction being — 

C^HaOs^ 30, = CjHjO* + 00, -f H,0. 

The process was originally suggested by J. A. Wanklyn and further 
"worked aut by W. Fox and Benedikt, and Zsigmondy. It has been 
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fully investigated by J. C. Belcher and the author, and is found to give 
very accurate results in the absence of alcohol and other foreign bodies 
yielding oxalic acid on oxidation. The best way of operating is to 
saponify 10 grm. of the oil at 100^ C. with 4 grm. of potassium hydroxide 
dissolved in 25 c.c. of water in a securely closed bottle, which is 
agitated from time to time. Afler ten or twelve hours, or when all 
oily globules have disappeared, the contents of the bottle are diluted 
with hot water, when a perfectly clear solution should be obtained. 
(Except in the case of sperm oil, waxes, and^other bodies yielding in- 
soluble higher alcohols on saponificationj it is extremely difficult to 
effect the complete saponification of such bodies by aqueous alkali, and 
methyl-alcohol must be resorted to, of such purity that it does not yield 
oxalic acid by oxidation with alkaline permanganate.) The soap 
solution is then decomposed by a moderate, excess of sulphuric acid, 
the liberated fatty acids separated, and the aqueous liquid, which must 
be perfectly clear and free from suspended, oily globules, made up to 
known measure. One-half (= 5 grm. of oil) is diluted in a porcelain 
basin with cold water to 400 c.c, from 10 to 12 grm. of potassium 
hydroxide added, and then a saturated solution of potassium perman- 
ganate till the liquid is no longer ^reen, but blue or blackish. It 
is then heated gradually and boiled for one hour, when a strong 
solution of sodium sulphate is added till all violet or green color is 
destroyed. The liquid and contained precipitate are poured into a 
600 C.C flask and hot water added to 15 c.c. above the mark, as an 
allowance for the volume of the precipitate and the increased measure 
of the hot liquid. The solution is passed through a dry filter, and 
when cool, 400 c.c. (= 4 grm. of oil) measured off, acidified with acetic 
add, and precipitated by calcium chloride. When the precipitate has 
completely deposited, it is filtered off and washed with hot water. It 
consists chiefly of calcium oxalate, but is liable to contain calcium 
sulphate, silicate, and other impurities. It may be ignited and the 
amount of oxalate deduced from the carbonate formed ; but a prefer- 
able plan b to test it with dilute sulphuric acid, rinse it off the filter, 
and titrate the diluted liquid at about 60^ C. with a decinormal solu- 
tion of potassium permanganate (3*1 62 grm. of KMoOi per litre), each 
C.C. of which corresponds to '0045 grm. of anhydrous oxalic acid or 
*0046 grm. of glycerol. The results obtained by this process are satis- 
factory. Certain acids of the acrylic or oleic series, and possibly oleic 
acid itself, yield oxalic acid by alkaline oxidation ; but the higher 
members of the series (e.^., oleic acid) are insoluble in. water, and 
the lower are not known to occur in fixed oils under normal con- 
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ditions. Thtd bodies formed by the oxidation of linseed oil render 
the proeeas whollj useless for the determination of glycerol in such 
products. 

Herbig has suggested the -use of hydrogen dioxide in place of 
sulphite, and employs a smaller <}uantity of potassium permanganate. 
Mangold (J*. 8. C. /., 1891,803) reports favorably on the method, and 
recommends the following procedure : — ^To 0*2-0'4 grm. of glycerol, dis- 
solved in 300 c.c^ water- containing 10 grm. potassium hydroxide, as 
much of a solution cootaining 5 per cent potassium permanganate is 
added as will correspond to 1*5 times the theoretical quantity of 
glycerol (for 1 part glycerol 6*87 parts of potassium permanganate). 
The operation is conducted in the cold and the solution must be 
agitated on addition of the permanganate. After staading for about 
half an hour at ordinary temperature, suflScient hydrogen dioxide is 
added to completely decolorize the liquid. The whole is now made 
up to 1000 cc, well shaken, and 500 c.c. filtered through a dry filter. 
After heating the filtrate for half an hour to destroy all hydrogen 
peroxide, and cooling to about 60^ C, sulphuric acid is added and 
the liquid titrated with permanganate. Heating after addition of the 
permanganate is superfluous. A number of results of analysis by the 
above method are given, which prove it to be accurate even in the 
presence of 90 per cent, of butyric acid. 

Hehner* 8 Method, — ^Glycerol,when heated with potassium dichromate 
and sulphuric acid, is quantitatively oxidised to carbon dioxide. Cross 
and Sevan and Legler make use of this fact to estimate the glycerol 
by measuring or weighing the evolved carbon dioxide. A more con- 
venient method is that of Hehner (J. S. C. /., 1889, 4), which is 
based upon a determination of the dichromate reduced. The reagents 
and operation are as follows : — 

1. Potassium dichromate solution, containing in each litre about 
74'86 grm. of potassium dichromate and 150 cc. of strong sulphuric 
acid. The exact oxidising value of the solution must be ascertained 
by titration with solutions of known quantities of iron wire or pure 
ferrous ammonium sulphate. 

2. Ferrous ammonium sulphate solution containing about 240 grm. 
per litre. 

3. Potassium dichromate solution one-tenth the strength of No. 1. 
The ferrous solution is exactly standardised upon the stronger dichro- 
mate solution, 1 c.c. of which should correspond to 001 grm. glycerol. 

With pure glycerol, the oxidation is absolutely quantitative. Crude 
glycerols must be treated as follows : — For the removal of chlorine and 
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of aldehjdic compounds some silver oxide is added to a weighed 
quantity of the sample (about 1'5 grm.), which is placed in a 100 cc. 
flask. After slight dilution the sample is allowed to stand with the 
silver oxide for about ten minutes. Basic lead acetate is then added 
in slight excess, the bulk of the fluid made up to 100 cc, and a portion 
filtered through a dry filter ; 25 cc of the filtrate are placed in a 
beaker previously well cleaned with sulphuric acid and potassium 
dichromate to remove all traces of fat, from 40 to 50 cc of the 
standard dichromate are added, accurately measured, and about 15 
cc of strong sulphuric acid, and the beaker, covered with a watch- 
glass, is heated for two hours in boiling water. After that time the 
excess of dichromate is titrated back with ferrous ammonium sulphate 
solution. 

As the dichromate solution is necessarily a somewhat strong one, the 
measuring must be done with the greatest care ; some attention being 
paid to the temperature. [Hehner has found that a dichromate 
solution of the strength indicated expands for each degree C. *05 per 
cent.] The results upon repetition agree well. The method is easy 
and rapid. It is open to the objection that by precipitation by lead 
the impurities may not be perfectly removed, anything left being oxi- 
dised and counted as glycerol. However, all higher fatty acids and 
all resin acids, as well as albuminoids, sulphides, thiocyanates, and alde- 
hydes, are completely removed, and the lower fatty acids, such as acetic 
and butyric, are not attacked by chromic acid. Hehner (J. S. C. L, 
1889, 4) has made a careful comparison of the dichromate and the 
acetin methods (see below), and finds the results^ to agree very closely, 
the diflerences in most cases being within the range of experimental 
error. To ensure the greatest amount of accuracy, he advises the use 
of both methods upon the sample to be analysed, the mean of the two 
results being taken. In the case of very dilute liquors, such as un- 
concentrated soap-lyes, previous concentration of the sample to about 
50 per cent of the glycerol is necessary with the acetin method, which 
fails when the proportion of glycerol falls as low as 30 per cent. In 
such cases the dichromate method is preferred. 

The estimation of glycerol in fats and soaps is carried out as follows : 
Saponify about 3 grm. of the fat with alcoholic potassium hydroxide ; 
do not drive ofi* the alcohol, but dilute the soap solution to about 200 
cc; decompose with dilute sulphuric acid ; filter ofl* insoluble acids, 
which may be estimated as usual. Vigorously boil the filtrate and 
washings, amounting altogether to about 500 cc, in a covered beaker 
down to one-half, then add sulphuric acid and standard dichromate as 
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described. The following are some results obtained by Hehner and 
Mitchell in this way : — 

Glycerol. 

Olive oil, 10-26 

Cod-liver oil, 9*87 

Linseed oil, 10*24 

Margarine* 10*01 

Butter, 12*4 

„ 11-96. 

The acetin method of Benedikt and Cantor (/.& C./., 1888, 696) 
depends upon the formation of acetin (triteuyl acetate) when glycerol 
is heated with acetic anhydride. Lewkowitsch {Chem. ZeiL^ xiii. 659) 
has shown that the method gives closely concordant results in the case 
of moderately pure " crude glycerins," and recommends its adoption in 
all cases in which the glycerol is first isolated in a fairly pure state as 
in its determination in fats and oils. The fat is saponified, the resultant 
soap is decomposed with sulphuric acid, and the fatty acids separated by 
filtration. Excess of barium carbonate is added to the filtrate, which 
is then evaporated on the water-bath until most of the water has been 
driven ofi*. The residue is exhausted with a mixture of ether and 
alcohol, which is then driven off by a gentle heat. 

For the determination, 1 to 1*5 grm. of this crude glycerol is heated 
for 1 to 1} hours in an inverted condenser with 7 or 8 grm. 
of acetic anhydride and about 3 grm. of anhydrous sodium acetate 
(previously dried in an oven). It is allowed to cool, 50 c.c. of water 
are added, and the heating is continued (still with the condenser, as 
acetin is volatile in a current of steam) until it begins to boil. When 
the oily deposit at the bottom of the flask is dissolved, the liquid is fil- 
tered from a white flocculent precipitate, which contains most of the 
impurities of the crude glycerol, allowed to cooU phenolphthale'in 
added, and dilute sodium hydroxide (about 20 grm. per litre) run in 
until neutrality is obtained. Care must be taken not to exceed that 
point, as acetin is easily saponified. 

During the operation the solution must be agitated continually, so 
that the acid may not be in excess locally any longer than is unavoid- 
able. The point of neutrality is reached when the solution becomes 
reddish -yellow. It liiust not be allowed to become pink. The deter- 
mination is quite inaccurate if the solution is overueutralised even 
for the shortest time. 25 c.c. of strong sodium hydroxide (about 10 per 
cent, strength) are now added from a pipette. The mixture is then 
heated for fifteen minutes and the excess of alkali titrated back with 
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normal or half-normal hydrochloric acid. The strength of the alkali 
used is determined at the same time by titrating another 25 c.c. meas^ 
ure with the same pipette. The difference between the two titrations 
gives the amount of alkali consumed in saponifying the acetin, and 
from this the quantity of glycerol is calculated. 

Commercial " Glycerin/' 

In practice, glycerol is always obtained by the saponification _of fats ; 
all sources yield the same variety of glycerol, and not isomers or 
homologues of the ordinary body. On the large scale, especially when 
the saponification is effected by the autoclave process, the proportion 
of glycerol obtained is very notably less than the theoretical yield, the 
loss being due in part to incomplete saponification, largely^ to loss by 
volatilisation, which is wholly disregarded, and very probably in part 
to decomposition of the glycerol into formic acid and other products. 

For the saponification of fats with a view of obtaining glycerol, a 
variety of agents has been employed. Formerly olive oil was boiled 
with water and lead oxide, but at a later date this was replaced by 
lime. Superheated steam has been employed to effect the saponifica- 
tion, as also has strong sulphuric acid. Glycerol obtained from the 
waste waters of the acid-saponification process is known as " distilla- 
tion glycerin.'' It contains mineral matter to the extent of 3 per cent, 
or more, and organic impurity may be present to an equal extent. 
Tested with basic lead acetate such glycerins give a copious precipi- 
tate. Hydrochloric acid also causes turbidity due to the separation 
of fatty acids. 

At present the bulk of the glycerol of commerce is either a secondary 
product of the soap-works, and hence is produced by saponification 
with caustic soda, or results from the saponification of fats under high 
pressure with water and a limited proportion of a base. This last 
must be considered the principal method of obtaining glycerol on a 
manufacturing scale, and is ordinarily carried out as follows : — ^The fat, 
which is commonly a mixture of palm oil and tallow, is heated for from 
2 to 4 hours in an autoclave with 2 or 3 per cent of lime and about 
one-third of its measure of water, under a pressure of 8 atmospheres, 
some steam being allowed to escape so as to keep the mixture in agita* 
tion. The product is then blown out into a tank, and the *' sweet 
water " or dilute glycerol drawn off. The lime soap is decomposed 
with dilute sulphuric acid, and the resultant fatty acids further treated 
by pressure or distillation. The " sweet water'' is then concentrated 
to a specific gravity of 1*24, when it forms a liquid of brownish color 
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known as "raw glycerin" or " saponification glycerin/* and contains 
about 90 per cent, glycerol. It gives but a slight precipitate when 
tested with basic lead acetate, and in samples of good quality hydro- 
chloric acid causes no turbidity. It is further purified by filtration 
through animal charcoal, followed by distillation with superheated 
steam at a temperature not exceeding 230^ C. The lime ordinarily 
employed for the saponification has been successfully replaced by 
about i per cent of zinc oxide or zinc grey, the reducing action of the 
latter body being said to prevent the discoloration of the product. 

The recovery of glycerol from spent soap-makers* lyes has acquired 
much importance, and a number of patents have been obtained to 
effect this object The spent lye usually contains water; glycerol; 
sodium chloride, sulphate, and carbonate; a small quantity of sodium 
hydroxide ; and variable amounts of resinous, fatty, and albuminous 
matters. Some samples contain a considerable quantity of thiosul- 
phates (hyposulphites) besides sulphides, thiocyanates, cyanides, and 
ferrocyanides. The glycerin obtained on concentrating such lyes is 
often quite unfit for distillation. C. T. Kingzett gives the following 
as the average composition of the lye after concentration to a specific 
gravity of 1*36 : — 

Water, 7*53 lbs. per gallon. 

Glycerol, 204 „ „ 

Salts, 2-78 „ „ 

12-35 

The salts deposited from the lye during concentration contain 78 per 
cent of sodium chloride, with smaller proportions of sodium sulphate 
and carbonate, glycerol, water, &c. 

The glycerin obtained from soap-lyes has usually a specific gravity 
of about 1*3, and yields about 10 per cent of ash, which in samples 
of good quality consists largely of salt. The amount of organic im- 
purity varies greatly. In addition to the salt already mentioned, the 
lower grades may contain notable proportions of sodium hydroxide, 
carbonate, sulphate, thiosulphate, and thiocyanate. 

Samples of good quality should contain from 80-82 per cent of glyc- 
erol, and should not become turbid on addition of hydrochloric acid. 

After concentration the crude glycerol still contains a considerable 
proportion of salts, besides other impurities. To remove these it is 
subjected to distillation with the aid of superheated steam, but the 
product often requires a repetition of the process to effectually remove 
the sodium chloride and other foreign matters. 
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Distilled glycerol often possesses a disagreeable acrid taste, and 
hence it is sometimes further purified by freezing, which may be 
effected by cooling the concentrated liquid to 0^ C. and adding a crys- 
tal of solid glycerol. This induces sol id ifi cation » and the resultant 
crystals are separated from the still liquid portion by a centrifugal 
machine. 

By far tBe largest application of glycerol is for the manufacture of 
nitroglycerin (page 333), but it is also employed eztensiVely in the 
manufacture of toilet soaps, filling gas-meters in situations liable to 
be exposed to great cold, and in pharmacy and medicine. 

Analysis and Assay of Commercial Glycerol. 

Commercial glycerol is liable to contain a variety of impurities due 
to its method of manufacture, — the article made from waste lyes being 
especially impure. Lead and other heavy metals; calcium com- 
pounds; sodium chloride, sulphate, thiosulphate, and sulphide; cyan- 
ogen compounds; organic acids; rosin products, and other organic 
bodies of an indefinite nature, are the impurities most frequently 
present. In addition, glycerol has been sometimes intentionally adul- 
terated. Solutions of cane sugar, glucose, and dextrin have been occa- 
sionally used for this purpose, and a saturated solution of magnesium 
sulphate mixed with glucose has also been employed. 

The following systematic method may be employed for examining 
commercial glycerol for impurities and adulterants, but except in rare 
instances it is unnecessary to make the examination so exhaustive, 
as a knowledge of the history of the sample or of the purpose for 
which it is intended suffices to limit the number of impurities for 
which a search requires to be made. Thus, the impurities present 
in the raw material are much greater in number and amount than 
those present in the distilled product, and, of the former, that from 
soap-lyes is much more impure than the product resulting from the 
autoclave process. The distilled product, again, varies much in charac- 
ter according to its origin, and requires examination for particular 
impurities according to its intended application in pharmacy, per- 
fumery, the manufacture of nitroglycerin, &c, 

a. The color of the commercial article affords no accurate criterion as 
to whether it is raw or has been once distilled, for, although the raw 
product is usually very highly colored, pale samples are often met 
with, especially those produced by the lime process of saponification ; 
while, on the other hand, once- distilled samples from soap-lyes are not 
uncommonly very dark. . In general, however, raw glycerin varies in 
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color from light brown to nearly black, and distilled from brown to 
colorless. 

b. The specific gravity of commercial glycerol may be observed by 
means of the Westphal balance, and in some specifications this 
method of determination is insisted on, the indications of the hydrom- 
eter being sometimes two or three degrees in excess of the truth. In 
the absence of foreign matters, or even in the presence of certain for- 
eign matters, the nature and amount of which are known or can be 
ascertained and duly allowed for, the specific gravity determination 
afibrds a very satisfactory means of determining the percentage of 
glycerol present in commercial samples (see pages 288, 289). Thus, a 
correction may be made for the mineral matter present by gently 
igniting a known measure of the sample without burning ofiT the 
whole of the carbon, treating the residue with a little acetic acid to 
dissolve any carbonates which may have been formed from the salts 
of organic acids, evaporating to dryness at 100^, dissolving the residue 
in water, and making up the solution to a volume equal to that used 
for the experiment. The specific gravity of this solution is deducted 
from that of the original sample before deducing the percentage of 
glycerol from the latter. Thus, if the original sample has been found 
to have a specific gravity of 1*220, while the specific gravity of the 
solution of the ash is 1*035, then the difference between the two 
(= 0*185) is the increase due to the glycerol present, and this 
figure divided by 2*665 will give the percentage of glycerol in the 
sample. Organic matters will by this method be reckoned as glycerol, 
but if separately determined by means of basic lead acetate (page 
325) a correction may be made for them. 

The specific gravity of the twice- distilled product of a high degree 
of purity sometimes reaches the extreme figure of 1*267, but ordinarily 
is rarely above 1*261. The specific gravity of commercial glycerol 
does not necessarily indicate whether the sample is raw or distilled, 
although the former is usually of higher specific gravity, owing to the 
presence of saline and foreign organic matters. The raw glycerin 
from soap-lyes may be boiled down to a specific gravity of 1*320, or 
even 1-360, but the specific gravity of the product from the autoclave 
process, or from lime or sulphuric acid saponification, is always less 
than this. 

c. The proportion of mineral matter affords a good indication of the 
nature of the sample. 5 grm. or 5 c.c. of the sample should be 
heated in a porcelain crucible till it inflames, when the source of 
heat is removed and the glycerol allowed to burn away spontaneously. 
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The distilled product burns quietly, but with raw glycerin mure or 
less sputtering is observed. A distilled product of good quality will 
leave a mere trace of carbonaceous residue on ignition, any considera- 
ble black residue indicating the presence of serious organic impurity. 
On igniting the residue ai the lowest possibk tetnperaiurej the mineral 
impurHies remain and may be weighed. 

Treated in this manner, a distilled glycerol never yields more than 
0'2 per cent, of ash, and rarely as much as 01 per cent., while even 
the best samples of the raw material show a considerably larger pro- 
portion. In that obtained from soap-lyes the ash usually ranges from 
7 to 14 per cent., a considerable proportion consisting of sodium 
chloride, and more or less sulphate, carbonate, silicate, &c., being also 
present; but if Fleming's dialysis process has been employed, the min- 
eral matter usually averages from 6 to 7 per cent. In the crude prod- 
uct from the autoclave process or from lime saponification the per- 
centage of mineral matters, though variable, is much lower than in 
glycerin from soap-lyes, the specific gravity being also correspond- 
ingly low. The presence of traces of lime, magnesia, or zinc oxide in 
the ash will indicate the nature of the base used for saponifying. 

d. Although sufficiently accurate for commercial purposes, the igni- 
tion of the residue left on combustion does not always give the true 
amount of mineral matter present in the sample, owing to unavoidable 
volatilisation of sodium chloride if the ignition be continued until the 
carbon is completely consumed. Lewkowitsch prefers to cautiously 
char 3-5 grm. at a temperature just sufficient to destroy the organic 
matter. After cooling, the char is exhausted with water and trans- 
ferred to a filter, the filtrate evaporated in a platinum dish on the 
water-bath, and the residue, which must be white, heated (not above 
400^ C.) and weighed. The carbon on the filter may, as a rule, be 
disregarded} unless the sample contains large proportions of lime. 

A method which gives very good comparative results is to treat the 
charred mass with a few drops of strong nitric and sulphuric acids, 
and ignite, when the chlorides will be converted into the less readily 
fusible and volatile sulphates. If desired, the weight thus obtained 
can be corrected by multiplying the weight of chlorine found in an 
equal quantity of the sample by 1*352, and deducting the product 
from the weight of the " sulphated ash." Richmond treats the charred 
mass with a few drops of sulphuric acid and heats the residue over a 
good Bunsen flame until white. The sulphated ash multiplied by *8 
agrees fairly well with the ash found without sulphating. 

€. The weight of the ash having been ascertained, it may be further 
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examined for lead, iroo, zinc, nnaguesium, calcium, carbonates, chlo- 
rides, sulphates, &c. If the ash has been " sulphated," no carbonates 
or chlorides will be present, while the existence of sulphates is, of 
course, certain. The ash may be conveniently examined by treating 
it with dilute sulphuric acid, when the copper, iron, zinc, magnesium^ 
and more or less calcium will be dissolved as sulphates, and can be 
detected in the solution by the usual methods. The residue will con- 
tain lead sulphate, together possibly with calcium sulphate. On 
treating it with a hot solution of ammonium acetate, the lead sulphate 
will be dissolved, and the resultant solution will give a yellow precipi- 
tate with potassium chroma te and a black precipitate with hydrogen 
sulphide. 

/. Calcium is a frequent impurity occurring most commonly as 
calcium oleate. It is most readily determined by precipitating the 
diluted sample with ammonium oxalate. Precipitation in an alcoholic 
solution with sulphuric acid has been recommended by Cap, but pre- 
sents no advantages over the oxalate method. 

g. Alkalinity in commercial glycerol is due almost entirely to sodium 
carbonate, and is readily determined by titrating the diluted sample 
with standard acid. Sulman and Berry recommend the use of litmus 
as an indicator, neither phenol phthale'in nor methyl-orange giving 
sharp end- reactions. Crude glycerol from soap-lyes is purposely alka- 
line owing to the risk of concentrating it in presence of acid. The 
alkalinity usually varies from 0*6 to 20 per cent., depending to some 
extent on the manner in which the lyes have been treated. In a case 
cited by Fleming, in which the glycerin had been separated from the 
lye by alkali instead of salt, the resulting glycerin contained 31 per 
cent, of sodium carbonate. 

h. Chlorides cannot be determined by direct titration or precipita- 
tion with silver, owing to the solubility of silver chloride in glycerol 
and the reduction of the nitrate by various impurities. The deter- 
mination is best made by allowing a weighed portion to burn away as 
already described, exhausting the carbonaceous residue with water, 
and titrating the filtered solution with dccinormal silver nitrate, using 
neutral potassium chromate as an indicator. Crude soap-lye glycerins 
usually contain from 5 to 10 per cent: of salt. 

t. Sulphates may be determined by precipitating the diluted sample 
with barium chloride. They are usually present in the product from 
soap-lyes, and sometimes in very large amount. Glycerins obtainecL 
by saponifying fat with sulphuric acid are always charged with sul- 
phates, and often contain sulphites; while appreciable quantities of 



GLYCEROL. 325 

thiosulphaies aDci sulphides are occasionally present, the last three 
being objectionable. The milky precipitate produced on acidifying 
the raw product from soap-lyes sometimes contains a considerable pro- 
portion of free sulphur^ the proportion amounting in some cases to 40 
or even 60 per cent, of the whole precipitate. Such samples will yield 
objectionable volatile sulphur compounds on distillation. 

C. Ferrier (J. S. C. I., 1893, 471) proposes the following method for 
detecting sulphur compounds : — The sample is diluted with ten times its 
volume of water and neutralised with hydrochloric acid. This mix- 
ture is treated at from 60® to 70° C. with about three per cent, of the 
carbon residue from the manufacture of potassium ferroeyanide (which 
has been previously washed with dilute nitric acid and water and 
heated to redness in a closed crucible). One drop of the solution 
after treatment with the purified carbon residue is placed on a strip of 
paper saturated with lead nitrate. If no yellow stain appears, the 
sample contains less than 0001 part of sulphides. To detect a still 
smaller quantity, the sample is heated in a small flask with a few drops 
of hydrochloric acid and a little sodium carbonate held over the mouth 
of the flask. 

To detect thiosudphaies and sulphites a few c.c. of barium chloride 
solution are added to the solution of the sample, and the liquid filtered. 
Barium sulphite is precipitated and the thiosulphates may be found in 
the filtrate, which, on addition of potassium permanganate to the 
acidified solution, will become cloudy, even in the presence of only 
'0001 part of thiosulphate. 

The presence of sulphite in the precipitate is proved by washing it 
repeatedly with boiling water, then adding to the remaining precipi- 
tate a few drops of starch and iodine solution ; in presence of sulphites 
the blue coloration will gradually disappear. See also Richardson 
and Aykroyd (J. S. 0. /., 1896, 171) for the quantitative estimation 
of these compounds. 

h. Organic Impurities of various kinds occur in crude glycerol, and 
are mostly of a very objectionable character. Their sum (including 
albuminous and coloring matters, resin products, and higher fatty 
acids) may be determined with a fair approach to accuracy by Sulman 
and Berry's modification of a method devised by Champion and Pellet. 
Fifty grm. of the sample are diluted with twice its measure of water, 
carefully neutralised with acetic acid, and warmed to expel carbonic 
acid. When cold, a solution of basic lead acetate is added in slight 
but distinct excess, and the mixture well agitated. The formation of 
an abundant precipitate, which rapidly subsides, is an indication of 
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considerable impurity ia the sample. To ascertaia its amount the 
precipitate is first washed by decantation and then collected on a 
tared» or preferably a double counterpoised, filter, where it is further 
washed, dried at 100^ to 105^ C, and weighed. The precipitate and 
filter paper are then ignited separately in porcelain, at a very low red 
heat, the residues moistened with a few drops of nitric acid and 
re-ignited. The weight of the residual lead oxide (and sulphate) 
deducted from that of the original precipitate gives the weight of 
organic matter precipitable by lead. The proportion obtained from 
raw glycerins is extremely variable, but the amount present in the 
distilled product should not exceed 0*5 to 1*0 per cent 

Lewkowitsch determines the total solid residue, including polyglye- 
erohy by allowing a weighed quantity of the sample to evaporate 
gently at 160° C. Care should be taken not to heat too rapidly, other- 
wise even pure glycerol may become polymerised. A few drops of 
water added from time to time will assist in the volatilisation of the 
glycerol. The weight of the residue is taken and that of the ash, 
subsequently found, is deducted. The difference (the '' organic resi- 
due *') gives a fair indication as to the care with which the article has 
been manufactured. Lewkowitsch found from '024 to '05 per cent in 
seven samples of "chemically pure'' glycerin of good quality. In 
four samples, unfit for pharmaceutical purposes, '07 to '09 per cent 
was found. 

Precipitation with basic acetate of lead is a valuable preparation 
for subsequent analytical examination, and is almost essential before 
some of the methods of determining glycerol and sugar are applied. 
When the precipitation is effected with this object, it is convenient to 
make up the liquid to a definite bulk and pass it through a dry filter^ 
or allow the precipitate to settle in a Muter's tube (fig. 10, page 247)» 
subsequently operating on a known proportion of the total solution. 
This plan obviates the necessity of washing the precipitate and the 
objectionable dilution of the liquid caused thereby. 

In some cases it is of interest to distinguish between the various 
organic matters precipitable by lead, as they are not all equally 
objectionable. This object may to some extent be efifected as 
follows : — 

L Albuminous matters, derived from the envelopes of the fat-globules» 
are nearly always present to a greater or less extent, the product from 
soap-lyes containing the largest proportion, owing to the solvent action 
of the alkali on the proteid matters of the fats saponified. They are 
objectionable on account of the mechanical difficulties they occasion 
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during the subsequent distillation, and the contamination of the dis- 
tillate with empyreumatic and colored products. An approximate 
determination of the albuminous matters may be made by precipitat- 
ing with basic lead acetate, as already described, and determining' 
the nitrogen by the Kjeldahl method. The nitrogen, multiplied by 
6*25, gives the amount of albuminous matter in the precipHate. 

m. Rorin is a very frequent and objectionable impurity in the 
product from soap-lyes, but is absent from that frora candle-works. 
A portion of the rosin is precipitated on acidulating^ but the U9e of 
basic lead acetate is better. 'When rosin is present, the distillate often 
has a strongly-marked fluorescence from the presence of rosin oil. 
This impurity may be further detected and removed by agitating the 
sample with ether or petroleum spirit, which, after separatioL and 
evaporation, leaves the rosin oil in a form recognisable by its physical 
characters, taste, and odor on heating. 

n. Higher fatly acids, chiefly oleic add, are not unfrequent'iy present 
in glycerol from soap-lyes, even after distillation, and ai^- ve^y obiec* 
tionable in a product intended for making nitroglycerin. If the amount 
of fatty acids be considerable, mere dilution with water causes their pre- 
cipitation, but smaller quantities may be detected by diluting the glyc- 
erol and passing nitrogen dioxide (NO2) through the sample, when a 
flocculent precipitate of elaidic acid (less soluble than the original oleic 
acid) will be produced. Nitrogen dioxide is best obtained by heating 
dry lead nitrate in a tube or small retort. 

Fatty acids may be detected by diluting the glycerol with several 
tjlmes its bulk of water and acidifying with hydrochloric acid. In the 
presence of fatty acids the liquid becomes turbid. 

By agitating glycerol with chloroform, fatty acids, rosin oil, and 
some other impurities are dissolved, while certain others form a turbid 
layer between the chloroform and the supernatant liquid. On sepa- 
rating the chloroform and evaporating it to dryness, a residue is 
obtained which may be- further examined. 

0. Lower fatty acids, especially butyric and formic acids, may be not 
unfrequently present. The presence of free oxalic, formic, or butyric 
acid in distilled glycerol will be indicated by the acid reaction of the 
sample, and an estimate of the amount present can be obtained by 
titrating the diluted sample with standard alkali and litmus or phenol- 
phthalein. Butyric acid is sometimes present to the extent of 05 per 
cent, of the fats saponified. Samples containing it develop an odor of 
sweat when mixed with a few drops of dilute sulphuric acid and rubbed 
between the hands. Formic add, traces of which are often present 
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even in distilled glycerol, is best detected by stdding animonio-silver 
nitrate to the diluted sample. On leaving the mixture at the ordinary 
temperature for half an hour, a black precipitate will be produced if 
formic acid be present. After a longer interval, all samples of com- 
mercial glycerol cause a reduction of ammonio-silver nitrate, at least, 
if the liquid be exposed to light ; and at temperatures above 50^ G. 
the change occurs with greater facility. 

The presence of formic and butyric acids may be confirmed by gently 
heating the sample with alcohol and strong sulphuric acid, when esters 
of agreeable and characteristic odor will be formed. Ethyl formate 
has an odor of peaches, and ethyl butyrate that of pine-apple. 

p. With a neutral solution of silver nitrate, pure diluted glycerol 
gives no precipitate. In presence of formic acid, butyric acid, or aero- 
^'n, a white precipitate is formed, which blackens on standing or boil- 
ing. French perfumers and manufacturers of cosmetics reject samples 
which show any change of color or turbidity within twenty-four hours 
after the addition of silver nitrate. Sulman and Berry find that 
nearly all commercial samples in bulk speedily efiect reduction of the 
silver, with consequent blackening of the precipitate previously formed. 
Nitric acid has been found in distilled glycerol Its presence, which 
cannot have been due to accident, masks the reaction with silver 
nitrate, and prevents the detection of impurities which are very objec- 
tionable in material intended for nitrating. 

q. Distilled glycerol of good quality does not acquire a yellow or 
brown color when very gradually mixed with an equal measure of 
cold concentrated sulphuric acid. Sugar and certain other impurities 
cause a marked darkening, or even charring, and in presence of any 
considerable quantity of formic or oxalic acid the mixture efiervesces 
when warmed. Oxalic add may be recognised more certainly by the 
formation of a white turbidity on adding calcium acetate to the diluted 
sample. It is not unfrequently present in raw, but never in distilled 
samples. 

r. Pure dilute glycerol does not sensibly reduce Febling's copper 
solution when heated with the reagent to 100° C. for a few minutes, 
but prolonged boiling causes precipitation of the red cuprous oxide. 
Glucose, if present, will reduce the cupric solution even before the boil- 
ing point is reached. Arsenious acid will reduce Fehling's solution. 
Arsenic occurs in glycerin recovered from soap-lyes which have been 
neutralised by crude hydrochloric acid. Cane sugar can be recog- 
nised by the same test, if the sample be previously heated to 70° or 
80° C. for ten minutes in five times its measure of water and half its 
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measure of strong hydrochloric acid, and the inverted solution be neu- 
tralised with soda before adding the cupric solution. The test can be 
made quantitative if proper precautions be taken (see vol. i. page 282 et 
seq.). Cane-sugar will be further indicated by the charring produced 
on mixing the sample with strong sulphuric acid, and warming; and 
glucose by the brown coloration produced on boiling the sample with 
a solution of caustic soda. Glucose may further be recognised by the 
reduction which ensues on heating the diluted glycerin to 70^ C. with 
potassium ferricyanide and caustic potash. On acidulating the solu- 
tion and adding ferric chloride, Prussian blue will be formed if glucose 
were originally present. 

8. Cane-sugar, glucose, and dextrin (but not milk sugar or arabin) 
may also be recognised by a test due to Mason. A mixture of 0*5 c.c. 
of the sample, 15 c.c. of water, 2 drops of strong nitric acid (not more), 
and 0*5 grm. of ammonium molybdate is boiled for two or three 
minutes, or longer if the quantity be small, when a blue coloration will 
be produced if 0'25 per cent or more of either of the above impurities 
be present. Dextrin and gum would also be precipitated on diluting 
the sample with a large proportion of alcohol. They may be distin- 
guished as described in vol. i. page 426. 

Sugar and other carbohydrates may also be detected and determined 
by observing the optical activity of the sample (see vol. i.). They can 
occur only as adulterants. Lajoux (J. 8. C. L, i. 458) states that a 
saturated solution of magnesium sulphate mixed with glucose has been 
used in France as aa adulterant for glycerol. 

L The analysis of mixtures of sugar and glycerol has been already 
described (pages 288 and 289). If the actual separation of the two 
bodies for gravimetric determination or subsequent examination be 
desired, the best plan is to separate other organic bodies as far as pos- 
sible by precipitating the cold solution with basic lead acetate used 
in slight excess (page 325), concentrate the filtrate at a low tempera- 
ture, and extract the residue with a mixture of two measures of absolute 
alcohol and one of ether, or of two of alcohol and one of chloroform. 
These solvents leave the sugar undissolved, while the glycerol con- 
tained in the solution can be recovered more or less completely by 
evaporating the solution at a low temperature. If the solution be 
diluted with about twice its measure of water and faintly acidified 
before evaporating, the layer of ether or chloroform which separates 
often carries with it much of the coloring matter and resinous impuri- 
ties which may be present, thus leaving the glycerol in a compara- 
tively pure form. 
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u. The direct determination of glycerol in coromercial samples can 
be effected imperfectly as above indicated, and more accurately as de- 
scribed on page 316 ^ seq,, in most cases, preferably by Hefaner's 
dichromate method. 

Distilled glycerol can be distinguished from raw glycerin by the 
absence of any considerable proportion of fixed impurity (test c) ; and 
by its negative or faint reactions with basic lead acetate (test k) and 
calcium acetate (test q). 

All so-called crude glycerin imported into the United States is 
examined by the government chemists to ascertain whether it is 
really crude or has been partially or wholly refined, as in the latter 
case a higher rate of duty is charged. Glycerin that has been freed 
from impurities by allowing them to subside and then straining and 
filtering, is still classed as " crude," but if proved to have been sub- 
jected to further purification it is classed as " refined." For practical 
purposes of classification distillation is regarded as the dividing line 
between crude and refined glycerin* For this purpose J. H. Wain- 
wright (J. A. C. S., 1889, 125) attaches great importance to the fol- 
lowing tests : — 

The Carbonaceous Residue is obtained by heating 10 grm. of the 
sample in a platinum crucible till it ignites, when the source of heat 
is removed and the sample is allowed to burn away spontaneously. 
In distilled glycerin this will not amount to 1 per cent. Crude 
glycerin may yield as much as 10 per cent. The percentage of ash 
appears to be a less reliable critei'ion 

Silver Nitrate Test. — Five c.c. of the sample are diluted with 20 
c.c. of distilled water, mixed with 5 c.c. of a 2 per cent, solution of 
silver nitrate, and allowed to stand for one hour. Only a slight pre- 
oipitate will be formed with distilled glycerin at the end of this time ; 
whereas with crude glycerin the precipitate is large, usually comes 
down at once, and is almost al^nsys flocculent 

Lead Test — The solution is prepared by boiling 10 grm. of lead 
acetate and 8 grm. of lead oxide with 500 c.c. of water, and filtering. 
Two volumes of this solution are mixed with one volume of glycerol 
and one of distilled water, and allowed to stand for an hour. Refined 
glycerin may produce a slight precipitate, but this is never flocculent 
Crude samples produce a more or less abundant flocculent precipitate. 

Wain right does not consider it safe to rely upon either of the two 
last-mentioned tests alone, but if a sample will not stand both of 
them, it is thought perfectly safe to call it crude. 

Glycerol intended for the manufacture of nitroglycerin must be free 
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from certain impurities, or dangerous results may ensue. It must be 
distLlled and must further possess the following characters before it 
can be accepted as sufficiently pure : — 

1. Entire freedom from chlorides, iron, lead, and calcium (tests e, 
f,h). 

2. Entire freedom from higher fatty acids (test n), and but feeble 
reaction with test k, 

3. Entire freedom from sugar and other carbohydrates (tests r, «). 

4. A specific gravity of not less than 1'260 at 15*5^ C. 
According to Lewkowitsch (Chem. Zeit, 1895, xix., page 1423) the 

glycerin used for the manufacture of nitroglycerin approaches in 
character chemically pure glycerol, having, however, a yellowish 
color, and containing a trace of ash and a small proportion of foreign 
organic bodies. Lead acetate must produce no precipitate. The 
specific gravity must be not below 1261 at 15*5°. A low specific 
gravity associated with apparent high percentage of glycerol suggests 
the presence of tri methylene glycol, which has been found in sbme 
samples by Noyes and Watkins (J. A. C, S.y 1895, 890). Its presence 
in glycerin used for making nitroglycerin might be dangerous, since it 
reacts with nitric acid with explosive violence. Aluminum, calcium^ 
and magnesium must be absent, and only traces of chlorine and arsenic 
are allowable. The quantitative estimation pf the former is unneces- 
sary, and for the latter a sample of the glycerin is made faintly alkaline 
with ammonium hydroxide, and silver nitrate added. No yellowish 
precipitate should be produced. Marsh's test for arsenic, and also Gut- 
zeit's, even with mercuric chloride, are too delicate for the purpose. 
One CO. of the sample, diluted with 2 c.c. of water, must remain almost 
unclouded. To test for other organic substances, a few drops of a 10 
per cent, silvef nitrate solution are added to this solution. In ten 
minutes no browning or blackening must appear. The total residue may 
be determined as on page 326. It should not be more than 0'15 per 
cent. The basin is then ignited, the ash weighed, and the organic 
impurity calculated by difierence. The sample must not redden 
litmus-paper. Volatile fatty acids, such as butyric, may be detected 
by the odor on heating with alcohol and strong sulphuric acid, and 
oleic acid by the flocks obtained on passing a current of nitrous anhy- 
dride through the sample. 

It may often happen that a sample which will answer the above 
requirements is yet unsuitable for the manufacture of dynamite; it 
must, therefore, be nitrated in the following way, which imitates the 
conditions obtaining on the large scale. A mixture of one part by 
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weight of fuming nitric acid (sp. gr. 1*5) and two parts of pure Bul- 
phuric acid (1*845) is prepared, and allowed to cool in a stoppered 
vessel. 375 grm. of the mixed acid are put into a thin-walled beaker 
of about 500 cc. capacity, and stood in a large vessel through which 
a constant current of cold water passes. Great care must be taken 
that the water does not splash into the beaker, to which end the leading 
tube should be firmly fixed both to the tap and the basin. 50 grm. 
of the glycerin are weighed out, and, when the acids are not hotter 
than from 12® to 15° C, added drop by drop, using a thermometer as 
a stirrer. The stirring must be very thorough to avoid local heating, 
and the temperature must not be allowed to exceed 30°, 25° being a 
safer limit. The small beaker may be weighed again to give the exact 
amount of the sample added, and when the temperature of the other 
has fallen to 15°, the liquid is run out into a perfectly dry separating 
funnel, which may advisedly receive a preliminary rinse with strong 
sulphuric acid. The quicker the separation of the liquids, and the 
sharper the line of demarcation between the nitroglycerin and the 
acids, the better is the glycerin. The nitroglycerin is always slightly 
turbid, but if it contain flocks, or the separation be not complete in 
five or ten minutes, or if there be a cloudy middle layer of liquid, the 
glycerin must be rejected. With very bad samples, no separation at 
all may be obtained on standing several hours. 

If it be desired to make the determination quantitative, the opera- 
tion may be continued. The acids are run off; the nitroglycerin 
carefully swung round in the separator to detach drops of acid from 
the walls (without shaking it, however), and after these drops are 
removed, washed with warm (35° to 40° C.) water, once or twice with 
20 per cent, soda, and again with water. It is then run into a 100 cc. 
burette, or graduated tube, and when the excess of water has risen to 
the top, the volume read off. This, multiplied by 1*6, gives its weight, 
and the yield should be at least from 207 to 210 per cent., — the higher 
the better (theory requires 246'7 per cent). If preferred, it may be 
weighed directly after filtration over salt, and its specific gravity taken. 
The loss in the wash-waters is insignificant. 

To destroy the nitroglycerin, it is best absorbed in a thin layer of 
sawdust spread in an open yard removed from any buildings, and then 
set on fire with a match. It will burn away quietly. 

Glycerol intended for pharmaceutical or medical use should be dis- 
tilled. An article answering to the fests of the British Pharmacopeia 
has a specific gravity of about 1'26« and is free from chlorides, sul- 
phates, calcium, heavy metals, and acid or alkaline reaction. When 
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gently heated with dilute sulphuric acid no rancid odor is produced, 
and when shaken with an equal measure of strong sulphuric acid no 
coloration, or only a very slight straw coloration, results. The United 
States Pharmacopeia further directs that the glycerol should not give 
a decided precipitate of cuprous oxide when heated to 85® C. with 
Fehling's solution, either with or without being previously boiled for 
half an hour with dilute hydrochloric acid. No sensible amount of 
carbonaceous residue should be left on burning away 2 grm. of the 
sample, and no ash after complete ignition. For medical use it should, 
of course, be free from appreciable amounts of arsenic. 

Arsenic may often be detected by Reinsch's test, but Gutzeit's test 
is more delicate. It is performed as follows : — 

Place id a tall test-tube about a gram of pure zinc, 5 c.c. of diluted 
sulphuric acid (6 per cent.), and 1 c.c. of the sample. The mouth of 
the test-tube is then covered with a tightly -fitting cap, made of three 
thicknesses pfi filter-paper. A drop of strong solution of silver nitrate 
is placed on the upper layer and the tube allowed to stand for ten 
minutes in the dark. If arsenic be present, a bright yellow stain 
will appear on the filter-paper, which, on the addition of water, be- 
comes black or brown. A blank test should always be made to 
establish the absence of arsenic in the reagents. Sulphides (which 
may be detected by substituting lead acetate for the silver nitrate 
in the above test) must be oxidised to sulphates before applying the 
test. 

The test is extremely sensitive. A less rigorous test may be made by 
substituting a drop of a saturated solution of mercuric chloride for 
the silver nitrate. If no yellow coloration appears after ten minutes^ 
the sample may be considered free from arsenic. 

Tritenyl Nitrate. Nitroglycerin. 

C.,H,N,0« = CaH5(NO,)3. 

When strong glycerol is gradually added to a well-cooled mixture 
of very strong nitric and sulphuric acids, it is converted into tritenyl 
nitrate, or nitroglycerin, formerly called "glonoin oil." When 
great care is taken, nearly the theoretical yield is obtainable ; but if the 
temperature be allowed to rise, a more complex reaction ensues, with 
formation of oxalic acid, glyceric acid, etc., and if the action be 
very violent, spontaneous explosion may take place. This may also 
occur if, the glycerol be impure. 

Nitroglycerin is a heavy oily liquid, of 1'600 specific gravity at 
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15® C. When -pure it is colorless, but the commercial product has a 
yellow color. It solidifies at about 8® C. According to Lobry de 
Bruyu ebullition does not take place at 160® C. even under a press- 
ure of 15 mm. 

Nitroglycerin has no marked odor, but is sensibly volatile at ordi- 
nary temperatures, and the vapor causes a violent headache in those 
unaccustomed to it ; but most of those employed in handling dyna- 
mite do not suffer from the effects. It is employed in medicine, and is 
poisonous even in small doses. It is not readily inflammable, and 
when ignited commonly bums with a greenish flame, without explosion. 

Its most characteristic property, and that which has the most im- 
portant application, is its higb explosive force. It explodes with vio- 
lence when smartly struck or compressed, or when dropped on an iron 
plate heated to 257®. Absorbed by sawdust, hieaelgukr (infusorial 
earth), or other inert porous material, it produces the varieties of dyna- 
mite, and combined with gun-cotton it constitutes " blasting gelatin." 
Nitroglycerin is miscible in all proportions with ether, chloroform, 
glacial acetic acid, and phenol, and is also very soluble in benzene ; 
but it dissolves only sparingly in glycerol, carbon disulphide, or amyl 
alcohol. It is slightly soluble in water (1 grm. in 800 cc), but dis- 
solves in alcohol, and more readily in wood spirit, and is precipitated 
from these solutions on addition of water. This fact may be used for 
its purification, and by subsequently titrating the aqueous liquid with 
standard alkali for ascertaining the proportion of free acid in the com- 
mercial product and its preparations. The presence of free acid indi- 
cates imperfect manufacture, and a special liability to spontaneous 
decomposition and explosion. Nitroglycerin is easily saponified by 
alcoholic potash, and is reduced by various deoxidising agents. Its 
reactions are described more fully on next page. 

Detection of Nitroglycerin. 

For the recognition of nitroglycerin it is usually necessary to isolate 
it in a state of approximate purity. Thrs may be generally done by 
extracting it by ether or benzene and evaporating the solution ; or by 
dissolving in alcohol or wood spirit and precipitating the nitroglycerin 
by diluting the solvent with water. 

Wlien Violated, nitroglycerin may be recognised by its physical char- 
acters, and the following methods : — 

1. A drop of the liquid allowed to spread on filter paper burns 
quietly with a peculiar greenish flame on igniting the paper. 

2. A drop of the liquid placed between two folds of non-absorbent 
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paper explodes violeDtlj when smartly struck with a hammer on an 
anvil. The ezperimeDt may fail unless a violent blow be given which 
catches the drop fairly. 

3. A drop of the liquid allowed to fall on an iron plate heated to 
about 257^ C. explodes violently. If this temperature be much ex- 
ceeded the liquid inflames without detonating, and at a lower tempera- 
ture it evaporates without igniting. 

4. If dissolved in alcohol, and warmed with ammonium sulphide, 
nitroglycerin is decomposed, ammonium nitrite, glycerol and free sul- 
phur being produced. If excess of sulphide be removed by zinc sul- 
phate, and the liquid filtered, the nitrite may be detected by the usual 
tests. 

5. A drop of nitroglycerin, when treated with a solution of ferrous 
sulphate acidulated with hydrochloric acid, gives the brown coloration 
characteristic of nitrates and nitrites. 

Determination of Nitroglycerin. 

1. When boiled with alcoholic potash, nitroglycerin is readily 
saponified, but the products are not simply glycerol and potassium 
nitrate; a more complicated reaction takes place. According to M. 
Hay no glycerol is obtained, as it is oxidised at the expense of the 
NO} groups, about two-thirds of which suffer reduction to the nitrous 
condition, only about one-third being found as nitrate. The principal 
reaction appears to be as follows : — 

CsH^CNOa), + 6KH0 = KNO, + 2KN0, -f- KC,HA + KCHO, + 

3H,0. 

Besides the nitrate, nitrite, acetate, and formate shown in this equa- 
tion, some oxalate is formed, together Jwith a small amount of ammonia, 
and a reddish-brown resinous substance, probably aldehyde-resin, 
which gives a dark color to the liquid. This reaction appears to occur 
in a fairly definite manner. Thus, Hay found the proportion of nitrous 
anhydride (NaOg) produced by the saponification of 100 parts of nitro- 
glycerin to range between 3414 and 35*24, the theoretical yield cor- 
responding to the above equation being 33*48. The author has at- 
tempted to apply Koettstorfer's principle (page 53) to the assay of 
nitroglycerin, but though the results obtained were fairly concordant, 
the dark color of the liquid prevented the point of neutrality from 
being ascertained with accuracy by any of the indicators tried. 

2. Champion and Pellet adopt the following method of determining 
the NO, of nitroglycerin. A known quantity of solution of ferrous 
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sulphate of previously ascertamed reducing power is placed in a flask^ 
acidified strongly with hydrochloric acid, and its surface covered with 
a layer of petroleum oil. About 0*5 grm. of the nitroglycerin is then 
introduped, and the flask heated on a water-bath. When the sample 
is completely decomposed the liquid is heated to boiling to remove 
nitric oxide, and the excess of ferrous sulphate ascertained by titration 
with standard permanganate. Fifty-six parts of iron .oxidised by the 
sample correspond to 20*67 of NOj in the nitroglycerin, or to 25*2 
parts of tritenyl nitrate. 

3. Instead of calculating the nitroglycerin from the amount of iron 
oxidised, it may be deduced from the volume of nitric oxide gas 
evolved in the reaction. For this purpose a modification of Eyk- 
man's method of assaying spirit of nitrous ether may be advantage- 
ously employed. The apparatus and method of manipulation are 
described in volume i. page 200 ef seq. About 5 grm. of ammoninm 
ferrous sulphate and 50 c.c. of water should be introduced into the 
flask, and, when all the air has been expelled by boiling the liquid, 
and the apparatus has become quite cool, a solution of about 0*1 grm. 
of nitroglycerin in about 5 c.c. of concentrated sulphuric acid is 
introduced, taking care to allow no air to enter. This is followed by 
about 50 c.c. of a mixture of equal measures of strong sulphuric and 
hydrochloric acids. The contents of the flask are then boiled till the 
evolution of gas is complete, when the nitric oxide evolved is meas- 
ured, with due precautions, in the usual way. The number of centi- 
metres of gas obtained, at 0^ 0. and 760 mm. pressure, multiplied 
by 0*6269, gives the nitrogen in milligrams ; or, multiplied by 3'39, 
gives the corresponding weight of tritenyl nitrate^ 

4. Instead of operating in the foregoing manner, Hempel and 
Lunge determine the nitric oxide evolved by agitating the sample 
with sulphuric acid over mercury, under which conditions nitro- 
glycerin behaves like an ordinary nitrate. An accurately weighed 
quantity, varying from 0*12 to 0*35 grm., according to the proportion 
of nitroglycerin and the capacity of the apparatus, is introduced into 
the cup of a nitrometer filled with mercury. About 2 c.c. of concen- 
trated sulphuric acid is then added, and when the nitroglycerin is dis- 
solved the solution is allowed to enter the nitrometer through the tap* 
The cup is rinsed with successive portions of 2 c.c. and 1 c.c. of strong 
sulphuric acid, which are allowed to enter as before, and the contents 
of the nitrometer are then thoroughly agitated in the usual way, and 
the volume of nitric oxide evolved read ofi* after standing about fifteen 
minutes. As stated, above, the volume of gas in c.c. at the standard 
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pressure and temperature, multiplied by 3'39, gives the weight of 
nitroglycerin in milligrams. Hempel states that the total volume of 
5 CO. of sulphuric acid must not be departed from ; with less than 
that volume the reaction proceeds too slowly, and with more the 
results are too low. 

Analysis of Dynamite, Ac. 

Nitroglycerin is the leading ingredient of a number of explosive mix- 
tures, called by a variety of fanciful names, and which are sometimes of 
a very complex composition. Among the explosive constituents of these 
mixtures are nitroglycerin, gun-cotton, collodion-cotton, and nitrated 
wood ; the absorbent materials include kieselguhr (infusorial earth), 
randarite, tripoli, clay, alumina, sawdust, wood, charcoal, coal, lignite, 
i&c., some of which are also combustible, as are resin, camphor, par- 
affin, and sulphur; among the oxygenating bodies are potassium, 
sodium, and barium nitrates; while sodium, ammonium, calcium, 
and magnesium carbonates are added as antacids (see table, p. 338). 

In assaying nitroglycerin preparations it is necessary to determine 
the vjater by drying the finely-divided substance (which should be cut 
up or crushed with a horn spatula or ivory paper-knife) in a vacuum 
over sulphuric acid, as nitroglycerin volatilises sensibly with the least 
increase of temperature. 

Ordinary dynamite — which usually contains 75 per cent, of nitro- 
glycerin absorbed by 25 per cent, of ignited infusorial earth, to which 
a small proportion of alkali-carbonate has been added as an ant- 
acid — may be conveniently examined by exhausting the dried sample 
with anhydrous ether, preferably in a Soxhlet-tube, and weighing the 
insoluble residue. The nitroglycerin is estimated from the loss, and 
in the absence of other substances soluble in ether, such as camphor 
and resin, this is the most satisfactory way. Many operators evapo- 
rate the ethereal layer and weigh the residual nitroglycerin, but the 
author has found this method faulty, as it is almost impossible to pre- 
vent loss of nitroglycerin, even when the ethereal solution is allowed 
to evaporate spontaneously at the ordinary temperature. 

In the absence of metallic nitrates and of the different varieties of 
nitrocellulose which are present in blasting gelatin, nitroglycerin may 
be at once determined by one of the methods described on page 335, 
but otherwise it must be previously isolated by treating the mixture 
with ether. Even the best of these methods only estimate the NO^, 
and hence do not actually determine the nitroglycerin present, which 
is not always strictly tritenvl nitmte; besides which dynamite contains 
VOL. n.— 22 
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traces of metallic nitrates. The determination of nitroglycerin by 
difference is nsuall j the most satisfeictory. 



Composition of Some Well-known Nitboolycbrin Explosives. 



Namb. 



lyyUAMITES. 

KieseTgufir DyDamite (Giant Powder, No. 1). 
( » » No. 2). 

Rhezite of Ctri Diller 

Meganite of Schackher & Co 

Dynamite of Vonges, France, 

Carbonite, Schmidt A Bicbel, 

Stonlte. „ „ 

Hercttlea Powder, 

Vulcan Powder, 

Safety Nitro-Powder 

Judaon Powder, 

Atlas Powder, 

VIgorite, 

PuWerulent Ammoniam Dynamite, 

Dynamite No. 8, for giant mines, 

Garbo-Dynamite of Reed A Borland, . . . . 

CORDITJt, 

Ballistitie. 

BLAVrijfo Gelatikk . 

GkLATINK DYJf amitb, 



Per. 

CE^T- 
AOEOP 
NlTRO- 
OLYO- 
ERIM. 



75 
40 

64 

60 

75 

25 



68-81 
5 
75 
30 

20 
15 

90 

58 
60 



Other Inoredibetr. 



Kieselgnhr. 24*5; sod. carb.,0'5. 
^ium nitrate. 40; sulphur, 6; 

resin, 8 ; kieseleuhr. 8. 
Sodium nitrate, 18 ; decayed wood,' 

11 ; wood-meal, 7. 
Nitrated wood, 10; nitrated veso- 

table iTOrT 10 : sodium nitrate. 20. 
Decomposed feiaspar, 20*8; quaru, 

8*8 : magnesium carbonate, 0-4. 
Wood-meal, 40*5: sodium nitrate, 

34; sodium carbonate, 0*5. 
Kieselgubr, 20; wood-meal, 4; po- 
tassium nitrate, 8. 
Sodium nitrate, 45; wood-pulp, 11 ; 

sodium chloride, 1 ; magnesium 

carbonate, 1 ; moisture, 2. 
Sodium nitrate, 52*5 ; sulphur, 7 ; 

charcoal. 10*5. 
Sodium nitrate, 18*35; wood-pulp, 

12*84. 
Sodium nitrate, 64; sulphur, 16; 

cannel coal, 15. 
Sodiutu nitrate, 2 ; wood-fibre, 21 ; 

magnesium carbonate, 2. 
Potassium chlorate, 49; potaasiutn 

nitrate, 7; wood-pulp, 9; maa- 

nesium carbonate and moisture, 7. 
Ammonium nitrate. 25; sodium 

nitrate, 36 ; roasted rye-flour, 36. 
85 of absorbent powder, consisting 

of sodium nitrate, oo&l, and so- 
dium carbonate. 
Cork-charcoa). 10. 
Gun-cotton, 37 ; vaseline, 7. 
Collodion-cotton, 40; aniline, 1. 
Soluble gun-cotton, 4-8. Camphor 

sometimes added. 
Nitro-ootton, 1; sodium nitrate, 88; 

Ur, sulphur, and wood-pulp. 



The following systematic scheme for the analysis of nitroglycerin 
preparations is a modification of the methods proposed by F. Hess. 
G. Lunge, Champion and Pellet, and others : — 
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Heating Test for Nitro-explosives. — The following test pre- 
scribed by the British Home Office has been very generally adopted 
in order to determine the extent to which an explosive is liable to 
decompose during storage : — 







Fig. 12. 



Apparatus required : 

1. A water-baih, consisting of a spherical glass or copper vessel (A) 
of about 8 inches in diameter, with an aperture of about 5 inches ; 
it is filled with water to within a quarter of an inch of the edge. It 
has a loose cover of sheet-copper about 6 inches in diameter (B) and 
rests on a tripod-stand about 14 inches high (C), which is covered 
with coarse iron-wire gauze (E), surrounded with a screen of thia 
sheet-iron or copper (D), Within the latter is an argand lamp (F) 
with glass chimney. The cover (B) has four holes, arranged as seen 
in the figure. Nos. 1 and 2, the test-tubes containing the material to 
be tested ; No. 3, the thermometer ; No. 4, to receive the regulator. 
Around holes 1 and 2 on the under side of the cover are soldered 
three pieces of brass wire with points slightly converging; these act as 
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«priDg8, and allow the teettubee U) be easily placed in positioD and 
removed. 

2. Sckeibler'i or Pages temperature regrdatar. 

3. TwocelUofLeclanehi^sbatlery.No.l') if Scheibler's regulator be 

4. A few yards of insulated copper wire ) used. 

This regulating apparatus is not essential, as the temperature of 
the bath can be kept constant by proper attention to the heating 
flame. 

5. Test-tubes from 12 to 14 cm. long, and of such a diameter that 
they will hold 20 to 22 cc. of water when filled to a height of 12*5 cm. 

6. India-rubber stoppers, fitting the test-tubes and carrying an 
arrangement for holding the test-papers, viz., a narrow glass tube 
passing through the centre of the stopper, drawn out so as to form a 
hook, or terminating in a platinum*wire hook. 

7. A thermometer with range at least from to 100^ C. 

8. A minute clock. 

Materials required : 

(a) Test-paper^ prepared as follows : — 3 grm. of white maize starch 
{corn-flour) previously washed with cold water, are added to 250 cc 
of distilled water, the mixture stirred, heated to boiling, and kept 
gently boiling for ten minutes ; 1 grm. of pure potassium iodide (1.0., 
which has been recrystallised from alcohol) are dissolved in 250 cc 
of distilled water. The two solutions are thoroughly mixed and 
allowed to get cold. Strips or sheets of white English filter-paper, 
previously washed with water and dried, are dipped into the solution 
thus prepared, and allowed to remain in it for not less than ten 
seconds ; they are then allowed to drain and dry in a place free from 
laboratory fumes and dust. The upper and lower margins of the 
strips or sheets are cut off and the paper is preserved in well-stoppered 
or corked bottles in the dark. The freshly-prepared paper, and that 
which is still in good condition, will give no coloration when a drop of 
dilute acetic acid is put on it. In time, however, and soonest in a 
strong light a drop of the acid produces a brown or bluish coloration. 
A single hour of direct sunlight produces a marked effect. When 
this change occurs the paper is spoiled. On this account it is advis- 
able to prepare but little of the test-paper at one time, and not to use 
any that is more than one month old. The dimensions of the pieces of 
test-paper used are about 10 by 20 mm. 

(6) Standard Tint-paper, — A watery solution of ^caramel is made of 
such strength that when diluted 100 times the tint of the solution 
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equals that produced by Nessler reagent In 100 cc. of \v^ter contain* 
ing 000023505 grm, of ammonium chloride. With this caramel 
solution lines are drawn by means of a clean quill-pen on strips of 
white filter-paper previously washed with distilled water to remove 
traces of bleaching matter, and dried. When these marks are dry, 
the paper is cut into pieces of the same size as the test-paper previ- 
ously described, so that each piece has a brown line across it near the 
middle of its length. Only those strips are used in which the brown 
line has a breadth varying from '5 to 1 mm. 

A. Nitroglycerin preparations, from which the nitroglycerin can be 
extracted in the manner described below, must satisfy the following 
teilt, otherwise they will not b^ considered as manufactured with 
" thoroughly purified nitroglycerin " within the terms of the license. 
The test, however, is only one of several which the preparation will 
have to satisfy in order to establish its compliance with the definition. 

Separation of the Nitroglycerin, — About 20 to 25 grm. of dyuiwaite 
finely divided are placed in a funnel loosely plugged with some 
freshly-ignited asbestos. The surface is smoothed by means of a flat- 
headed glass rod or stopper, and some clean- washed and dried diato- 
maceous earth is spread over it to the depth of about one-eighth of 
an inch. Water is next carefully dropped upon the mass from a wash- 
bottle, and when the first portion has been soaked up more is added ; 
this is repeated until sufficient nitroglyi^erin has been collected in a 
graduated vessel placed below. 

If any water should have passed through with the nitroglycerin, it 
should be removed with a piece of blotting-paper, and the nitroglyderin 
filtered, if necessary, through a dry paper filter. 

Application of the Teat — The thermometer is inserted through the 
lid of the water-bath described above, into the water (which is to 
be steadily maintained at a temperature of 160^ F. (71^ C.) to a 
depth of 7 cm. 3*24 girm. (50 grains) of the nitroglycerin to be 
tested are weighed into a test-tube in such a way as not to soil the 
sides of the tube. A test-paper is fixed on the hook of the glass rod, 
so that when inserted into the tube it will be in a vertical position. A 
sufficient amount of a mixture of half distilled water and half glyc- 
erol to moisten the upper half of the paper is now applied to the 
upper edge of the test-paper, by means of a cameFs-hair pencil ; the 
cork carrying the rod and paper is fixed iuto the test-tube, and the 
position of the paper adjusted so that its lower edge is about half-way 
down the tube ; the latter is then inserted through one of the perfora- 
tions of the cover to such a depth that the lower margin of the moist* 
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ened part of the paper is about 1*6 cm. above the surface of the 
cover. The test is complete when a faiut brown line, Vrhich after a 
time makes its appearance at the line of boundary between the dry and 
moist part of the paper, equals in tint the brown line of the standard 
tint-paper. 

The nitroglycerin will not be considered as " thoroughly purified " 
within the terms of the license unless the time necessary to produce 
the standard tint as above described is ai least fifteen minutes. In 
laboratories where many tests are made daily, the nitroglycerin is not 
weighedy'but is measured by a ^pipette holding ^bout the quantity 
mentioned above when filled to the mark. The test-papers must never 
be touched with the hands, since 'they are influenced by the least 
impurity. It is advisable to have a large piece of cork in readiness 
on which the test-paper is* put from the bottle by means of a pair of 
pincers and held there with them, whilst with a second pair of pincers 
a hole is first made in the paper and the glass hook inserted in the 
hole. The glycerol solution can then be put on the paper by means 
of a glass rod ; as a rule, a small drop is su£Scient for the purpose. 

In the laboratory of the U. S. Military School at Ft. Monroe, Va., 
0*324 grm. (5 grains) are used for the test, and the time allowed for 
the appearance of the color is ten minutes. (See ** Lectures on Explo* 
sives," by Lieut. W. Walke.) 

B. Blasting gelatine^ gelatine dynamite, and analogous preparations. 
8'24 grm. of blasting gelatine are intimately incorporated with double 
its weight of French chalk (this can be readily effected by carefully 
working the two materials together with a wooden pestle in a wooden 
mortar). The mixture is to be gradually introduced into a test-tube 
of the dimensions prescribed above for the dynamite test, with the aid 
of gentle tapping on the table, between the introduction of successive 
portions of the mixture into the tube ; so that when the tube contains all 
of the mixture it shall be filled to the extent of 4'5 centimetres of its 
height. The test-paper is then to be inserted and heat applied in the 
manner prescribed above for the dynamite heat-test, and the sample 
tested is to withstand exposure to 160° F. (71® C.) for a period of ten 
minutes before producing a discoloration of the test-papers corre- 
sponding in tint to the standard color-test which is employed for 
governing the results of the dynamite heat-test. 

C. Cordite and Similar Smokeless Powders. — From each end of each 
piece of cordite selected for the test, pieces of i inch length are cut. 
With thicker cordite each piece is further cut into about four parts. 
With flake or cube powder a division is made in a similar manner., 
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The pieces are passed two or three times through a pug-mill, and tht. 
part first passing is put aside, as it may contain foreign substances 
from the mill. The ground material is passed through a set of three 
sieves. That which has passed through the coarsest sieve and is 
retained by the second one is used for the test. After each grinding 
the mill must be taken apart and thoroughly cleaned. 

For the test, 1*62 grm. of cordite are put, with light shaking, into 
a test-tube, which is provided with a test-paper moistened with glyc- 
erol as described above. The water in the bath is kept at a temper- 
ature of 82*2^ C. The lower end of the moist^ened part of the paper 
should be about 15*6 mm. above the surface of the cover of the bath. 
The brown line on the test-paper must not appear in less than fifteen 
minutes. 

D. Oun-eotUm, Schultze Powder, E. C. Powder, and Similar Explo- 
HveB, — Sufficient material to serve for two or more tests is removed from 
the center of the cartridge by gentle scraping, and, if necessary, fur- 
ther reduced by rubbing between the fingers. The fine powder thus 
produced is spread out in a thin layer upon a paper tray, 11 by 15 cm., 
which is then placed in a water-oven, kept, as nearly as possible, at 
49^ C. The oven should have wire-gauze shelves about 7*5 cm. apart. 
The sample is allowed to remain for fifteen minutes, the door being left 
wide open. The tray is then removed and exposed to the air of the 
room for two hours. The powder should be rubbed upon the tray with 
the hand, in order to reduce it to a fine and uniform state of division. 

Application ofihe Teat. — ^The cover of the water-bath is fitted with the 
gas regulator, which is inserted through the centre hole (No. 4). The 
thermometer is fixed in hole No. 3. The water is heated to 66^ C, and 
the regulator set to maintain that temperature. 1*296 grm. (20 grs.) 
of the sample are placed in the test-tube of the dimensions specified, 
and gently pressed down until it occupies a space of (as nearly as pos- 
sible) 3*12 cm. A test-paper is affixed to the hook of the glass rod, 
and moistened by touching the upper edge with a drop of distilled 
water containing 60 per cent, of pure glycerol. The quantity of liquid 
used must be only sufficient to moisten about half of the paper. The 
cork carrying the rod and test-paper is then fixed in the test-tube 
and the latter inserted into the bath to a depth of 6*25 cm. measured 
from the cover, the regulator and thermometer being inserted to the 
same depth. The test-paper is to be kept near the top of the test-tube, 
but clear of the cork, until the tube has been immersed for about five 
minutes. A ring of moisture will, in about this time, be deposited 
upon the sides of the test-tube, a little above the cover of the bath ; 
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the glass rod must then be lowered until the lower margin of the moist- 
ened part of the paper is on a level with the bottom of the ring of 
moisture in the tube ; the paper is now closely watched. The test is 
complete when a very faint brown coloration makes its appearance at 
the line of boundary between the dry and moist parts of the paper. 

The time interval between the first insertion of the tube containing 
the sample of gun-cotton in the water at 66° C. and the first appear- 
ance of discoloration on the paper must not be less than ten minutes. 

Exudation and Liquefaction Tests for Blasting Gelatine, 
Gelatine Dynamite, and Analogous Preparations. 

Tettsjor Liquefaction, — A cylinder of blasting gelatine should be cut 
from the cartridge to be tested and be placed on end on a flat surface 
without any wrapper, and secured by a pin passing vertically through 
its centre. The length of the cylinder should be about equal to its 
diameter and the ends cut flat. The cylinder is to be exposed for one 
hundred and forty-four (144) consecutive hours (six days and nights) 
to a temperature ranging from 30° to 32° C. inclusive, and during such 
exposure the cylinder shall not diminish by more than one-fourth of 
its original height, and the upper cut surface shall retain its flatness 
and the sharpness of its edge. 

If the blasting gelatine and gelatine dynamite be not in cylindrical 
form, thp test must be modified accordingly. 

Limit op Liability to Exudation. — The general mass of a blast- 
ing gelatine or gelatine dynamite should not allow of the separation 
under any conditions of storage transport, or use, of a substance of less 
consistency than the bulk of the remaining portion, nor when the 
material is subjected three times in succession to alternate freezing 
and thawing, nor when subjected to the above liquefaction test. 

Diphenylamine Heat Test. 

Guttmann (J. S, C. /., 1897, 283) states that the ofiicial heat-test as 
given above is inapplicable to most smokeless powders, and to some 
blasting explosives, since the iodine supposed to be liberated, is acted 
upon by some of the ingredients — e.g.^ castor oil, acetone, and vaseline. 
After examination of a number of methods for the detection of 
nitrogen dioxide he advises the diphenylamine teat: — 

One grm. of diphenylamine is placed in a wide-necked flask provided 
with a ground stopper, 50 c.c. of dilute sulphuric acid (10 c.c. of con- 
centrated sulphuric acid to 40 c.c. of water) added, and the flask 
heated in a water-bath to between 50° and 55° C. until the solution is 
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effected. The flask is removed, well shaken, and allowed to cooL 
After cooling, add 50 c.c. of pure glycerol, shake well, and preserve 
the solution in the dark. The test is applied as follows : The explo- 
sive is finely divided as directed in the Home Office regulations, 
smokeless powder being ground in a bell-shape coffee-mill and sifted. 
1*5 grra. (from the second sieve in the case of smokeless powder) are 
placed in a test-tube. Strips of well- washed filter-paper, 25 by 10 
mm., are to be hung on a hooked glass rod as usual. The diphenyl* 
amine solution is taken up by means of a clean glass rod, and a drop 
placed on each of the upper corners of the filter- paper, so that when 
the two drops run together about a quarter of the filter-paper is moist. 
The paper is then put into the test-tube, which is placed in the water- 
bath, heated to 70^ C. The reaction should appear in less than fifteen 
ininutes. It will begin by the moist part of the paper becoming a 
greenish-yellow, and from this moment the paper should be carefully 
watched. After one or two minutes a dark-blue mark will suddenly 
appear on the dividing line, between the wet and dry portion ; the 
time required for this appearance is to be noted. 

The following table shows some of the results obtained : — 



Heat Tests of Various Smokeless Powders. Temperatcjbe, 80® C. 
Quantity of Powder, 1*5 Grm. 



Name. 


Composition. 


Time in Min- 
utes. 


Iodide 
Paper. 


Diphen- 
ylamine 
Pai>er. 


Sporting ballisUte 

Uadson Maxim's powder, . 
Uiram S. Maxim's „ . . 

Gun-cotton, . , • 


Nitroglycerin and nitrocellulose, no solvent. 
Nitroglycerin and gun-cotton. 
Nitroglycerin and gun-cotton, with 2 per 
cent, castor oil. 


13 
60 
120 

9 

16 
10 
4 
25 

76. No 
trace. 

57 

50 

50 

45 

50 
75. No 
trace. 

19 

20 
80. No 
trace. 


13 
9 
11 

14 
11 
5 
Not 
tested. 
18 

22 
20 
21 
17 
26 
26 

h 
!« 
28 


Schultze, 

Explosive Company, original, 
„ „ No. 1, . 

;; .. No. 2. . 

„ No. 3, . 
Walsrode.Ki, 


Wood-niirocellulose and potassium nitrate. 
Nitrocellulose, potassium nitrate. 
»> »» ti 

,^ camphor. 

*t f> ti It 
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CHOLESTEROL. 

Cholesteryl AlcohoU 

C«H440 = C5ja43.0H. 

Cholesterol is a substance which occurs very frequently, both as an 
animal and a vegetable product. It is present in the brain, yolk of 
eggs, perspiration and the liquid of ovarian tumors. It is a product 
especially characteristic of the liver, — biliary calculi being sometimes 
almost wholly composed of it. In shark-liver oil the author has found 
it in considerable quantity, and has also isolated it from cod-liver oil, 
butterfat, &c. It occurs in olive oil, but it exists in considerable 
proportion in the fatty matter of sheep's wool. 

Cholesterol is deposited from its solution in chloroform in anhydrous 
needles, having a specific gravity of 1*067. It is tasteless and odorless. 
it melts at 147^ C, and if carefully heated may be sublimed un- 
changed at a higher temperature. When subjected to dry distillation 
it yields a carbonaceous residue and a neutral oil insoluble in potas- 
sium hydroxide, from which a second distillation with water separates 
a volatile oil having an agreeable odor of geranium. ' 

Cholesterol is quite insoluble in water, even when boiling. It is 
sparingly soluble in cold alcohol, but readily in the boiling liquidi and 
is easily dissolved by methyl alcohol, ether, chloroform, carbon disul- 
phide, benzene^ turpentine, and petroleum spirit. It is also soluble in 
fixed oils, purified bile, and solutions of soap. 

The alcoholic solution of cholesterol is neutral in reaction. It is 
levorotatory, the specific rotation for the sodium ray being — Se^e**, 
according to Dragendorfi*, or — 31*6^ according to Lindenraeyer. 

Cholesterol is deposited on gradually cooling its hot alcoholic solu- 
tion in crystals containing 1 molecule of water. The crystals are 
nacreous laminsa, of a highly characteristic appearance. 

Cholesterol js unacted on by dilute acids or concentrated alkaline 
solutions, but is decomposed when fused with caustic potash. Lewko- 
witsch has noted that when cholesterol is heated with soda-lime, no, 
or at most very small quantities of, fatty acids are formed — an im- 
portant difference from aliphatic alcohols. 

If anhydrous cholesterol be dissolved in carbon disulphide, and a 
dilute solution of bromine in the same menstruum gradually added, a 
cholesterol dibromide, CMH^CBr,, is obtained. This body crystallisesf 
in small colorless needles, melts at 147^, and is reconverted into cho- 
lesterol bv the action of jiascent hydrogen. 
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The calculated iodine-absorption of cholesterol is 68*3. Lewko- 
witsch obtained figures closely approximating to this. 

By oxidation with chromic acid mixture, cholesterol is converted 
into a white amorphous acid, having the composition of oxycholic 
acid, C26H40O6, small quantities of acids of the acetic series being also 
produced. 

Cholesteryl Esters. 

In its chemical- relationships, cholesterol behaves as a monatomic 
alcohol. On adding sodium to its solution in purified petroleum, 
sodium cholesterylate, C2sH«Na.O, is formed with evolution of hydro- 
gen. By the action of phosphorus pentachloride, or by heating it 
with concentrated hydrochloric acid, cholesteryl chloride, CmHisCI, is 
obtained as a crystalline substance melting at 100^. Cholesterol also 
reacts with organic acids to form a series of ethereal salts, of which 
the acetate and benzoate are the most interesting. 

Cholesteryl Acetate, CjeHijCaHjOa, is formed by the action of acetyl 
chloride on sodium cholesterylate, or of acetic anhydride on choles- 
terol (see pages 353 and 354). It crystallises in small, colorless 
needles, which melt at 92^, and are nearly insoluble in cold and with 
difficulty in boiling alcohol, but are soluble in ether. 

Cholesteryl Benzoate, CzeH^s-CrHjOa, is obtained by heating choles- 
terol with benzoic acid under pressure (page 353). It crystallises 
from ether in small glistening rectangular tablets, melting at 150- 

i5r a 

On treating the various cholesteryl esters with alcoholic potash, they 
readily undergo saponification, and, after evaporating ofi* the alcohol 
and treating the residue with water, the cholesterol can be extracted 
from the aqueous liquid by agitating it with ether. 

Detection of Cholesterol, 

When existing in a moderately pure state, cholesterol is easily rec- 
ognised by its highly characteristic crystalline form. The substance 
to be tested should be boiled with alcohol, the solution filtered while 
hot, and allowed to cool slowly. Either immediately on cooling or 
after previous concentration, the cholesterol will be deposited in crys- 
tals, which, viewed under a moderate microscopic power, with a dia- 
phragm having a small aperture, appear as thin, very transparent 
rhombic plates, the angles of which are extremely well defined, and 
constantly measure IQ"" 30' and 100° 30'. 

The formation of the characteristic acetate and benzoate, with deter- 
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minations of the melting pointe of these esters, will sometimes afford 
valuable meaDS of identifying cholesterol, as also of isolating it from 
other bodies (pages 853 and 354). 

Cholesterol gives a number of well-marked color-reactions, of which 
the following are the chief: — 

If a crystal be treated with a mixture of 6 volumes of concentrated 
sulphuric acid and 1 volume of water, and the whole gently heated 
and examined under the microscope, it is seen to have become a fine 
carmine-red color at the edges, and after an hour or two the red tint 
changes to violet. With a mixture of 3 measures of acid to 1 of 
water, a violet coloration results, and with more dilute acid the edges 
appear of a lilac color. 

If cholesterol be triturated with a little concentrated sulphuric acid, 
and chloroform added, a blood-red solution is produced, which, on ex- 
posure to air, becomes -successively violet, blue^ green, and ultimately 
colorless. 

To obtain the last reaction, Salkowski proceeds in the following 
manner: — About 10 milligrams of cholesterol are dissolved in 2 c.c. of 
chloroform, and the solution shaken with an equal measure of sul- 
phuric acid of 1*76 sp. gr. The chloroform layer immediately becomes 
colored, passing from bloodred to cherry-red and purple, which last 
tint it retains for several days. A cautious addition of fuming nitric 
acid to the mixture causes these changes to occur rapidly. Iodine acts 
in a very similar manner to nitric acid. The sulphuric acid which 
separates from the chloroform acquires a well-marked green fluores- 
cence. If some of the chloroformic solution be poured into a capsule, 
the color rapidly changes to blue, green, and yellow, the changes 
apparently being due to traces of moisture. On addition of water the 
solution becomes paler, then blue, and finally nearly colorless^ while 
showing a fine green fluorescence. 

If cholesterol be heated cautiously with a drop of concentrated 
nitric acid, and the pale-yellow product treated with ammonium 
hydroxide before it has completely cooled, a fine yellowish-red tinb is 
produced. 

If a mixture of 3 measures of concentrated hydrochloric acid and 
1 of a solution of ferric chloride be evaporated with a little cholesterol, 
a reddish-violet coloration, changing to blue, is produced. Similar 
treatment with sulphuric acid and ferric chloride leaves a residue of a 
carmine color, which gradually passes to violet, and becomes scarlet 
on treatment with ammonium hydroxide. 

Burchard's modification of Liebermann's test is exceedingly delicate 
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but the reaction is shared by resin acids and other bodies. A small 
amount of the material is dissolved in 2 c.c. of chloroform, 20 drops 
of acetic anhydride are added, and a single drop of concentrated sul- 
phuric acid. In the presence of cholesterol, a violet-pink coloration 
will appear. 

Nagelvoort (^Analyai, 1889, 217) obtained from a sample of cod-liver 
oil acicular crystals resembling phytosterol, but which gave the color- 
reactions of cholesterol (reddish -brown with sulphuric acid, turning to 
dirty green on the addition of water). On repeating the extraction, 
crystals of the usual form of cholesterol were obtained. 

Isocholesterol. 

This body is isomeric with ordinary cholesterol and occurs with it in 
wool-fat To separate the isomeric alcohols, the mixture should be 
heated for 30 hours in a sealed tube to 200^ C, with four times its 
weight of benzoic acid or benzoic anhydride. The product is then 
repeatedly boiled with rectified spirit, when the excess of benzoic acid 
dissolves and the cholesteryl and isocholesteryl benzoates remain. By 
crystallising them from ether, the former is obtained in shining rect- 
angular plates and the latter &s a light crystalline powder which can 
be separated by decantation and elutriation. Cholesteryl heuzoate 
melts at 150-161®, and the isomer at 190-191° C. By saponifying 
the ethers with alcoholic potash, and diluting the solution with water, 
the cholesterol and isocholesterol are precipitated. 

So prepared, isocholesterol resembles the ordinary body, but melts 
at 137-138®, and solidifies on cooling to a brittle vitreous mass. A 
mixture of cholesterol with isocholesterol melts at a lower temperature 
than either body separately. Isocholesterol separates from its dilute 
solution in absolute alcohol in flocks, but a concentrated solution solidi- 
fies on cooling to a translucent jelly. From its ethereal solution it is 
deposited in needles. 

When evaporated with nitric acid and afterwards treated with am- 
monium hydroxide, isocholesterol gives the same reaction as choles- 
terol (page 349), but it gives no col or- reactions with sulphuric acid 
and chloroform, or with ferric chloride and a mineral acid. 

With the Burchard-Liebermann test a (see page 349) yellow and 
afterwards a reddish-yellow coloration appears, with, at the same time, 
a green fluorescence. 

Hot acetic acid dissolves isocholesterol readily, forming an unstable 
compound which loses its acetic acid oil fusion. The true isocholes- 
teryl acetate is obtained by digesting the alcohol with acetyl chloride 
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untU the evolution of hydrocbloric acid ceases, and then heating the 
mixture to 100^ in a sealed tube. On removing the excess of acetyl 
chloride by evaporation, isocholesteryl acetate is obtained as an amor- 
phous substance, melting below 100^ and readily soluble in alcohol 
(compare '' Cholesteryl Acetate," page 348). 

Tsocholesterol is dextro-rotatory, the specific rotation in ethereal solu- 
tion for the sodium ray being 60^. 

Phytosterol, CH**©. 

Phytosterol, the '' cholesterol of plants/' has been found in the seeds 
of beans, peas, almonds, in maize and wheat, and in most vegetable 
oils, with the notable exception of olive oil and palm oil. 

The reactions of phytosterol resemble those of cholesterol, but the 
two bodies differ in melting point and crystalline form. The crystals 
of phytosterol separated from a hot alcoholic solution appear in tufts 
of needles. These have the composition CmHuO + H,0 and a melting 
point which is usually stated at 132-134^. Bomer (Zeit.f. Unter. d. 
Nahr. u. Oetiuss., 1898, 81), as the result of a number of examinations, 
finds a mean of ]37'5^. 

Solutions of phytosterol are levorotatory, the specific rotation for 
the sodium ray being 34*2^. 

Isolation and Determination of Cholesterol and Phyto- 
sterol. Examination of £th6r ^Residues. 

For the separation of cholesterol and phytosterol from animal and 
vegetable matters containing it, the dried substance should be exhausted 
with ether, as described on page 20, the ether distilled off, and the resi- 
due saponified by alcoholic potash (page 44), the alcohol evaporated,, 
and the cholesterol extracted from the aqueous solution of the resultant 
soap by agitation with ether, in the manner described on page 113. 
When oils or fatty matters are to be examined, they may be at once 
saponified by alcoholic potash. 

When no other unsaponifiable matter is present, the ether-residue 
will consist solely of cholesterol and phytosterol, which therefore may 
at once be weighed, but more frequently a further purification is neces- 
sary. To ensure the complete absence of saponifiable matters it is 
desirable to repeat the treatment with alcoholic potash and re-extract 
the aqueous solution of the evaporated product with ether. 

The estimation of cholesterol and phytosterol in fats is most conve- 
niently determined by the method of Forster and Riechelmann {Ana- 
lyst, 1897, 131). 60 grm. of the fat are twice boiled, for about five 
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minutes at a time, with 75 c.c. of 95-96 per cent, alcohol, in a flaak 
fitted with a reflex condenser, the flask being meanwhile well shaken. 
The separated alcoholic solution is mixed with 15 c.c. of 30 per cent. 
podium hydroxide solution, and boiled on the water-bath, in a flask 
fitted with a condensation tube, until about one-fourth of the alcohol 
has evaporated. The fluid is then evaporated nearly to dryness 
in a porcelain basin and the residue shaken up with ether. The 
ethereal solution is evaporated to dryness, the residue treated with a 
little ether, filtered, evaporated, and the residue crystallised from 95 
per cent, alcohol. Pure cholesterol can easily be distinguished from 
phytosterol by the forms and grouping of the crystals. If both bodies 
are present, the mixture crystallises in one form only, the crystals 
either approximating to the form of phytosterol, or if cholesterol is 
present in the greater quantity, diflering from the pure crystals of 
either body. 

Von Raumer (J,S, C./., 1898, 774) determines the amount of crude 
cholesterol and phytosterol in fats as follows: 50 grm. of the oil 
are saponified with alcoholic potash. The resulting soap is evaporated 
to dryness, reduced to powder, and extracted with 50 .to 75 c.c. of ether 
in a Soxhlet apparatus, plugs of fat-free cotton being placed above 
and below the layer of soap. The residue is saponified again with 10 
C.C. of seminormal alkali, evaporated to dryness with sand, and re- 
extracted as before during two hours. 

As an alternative method, the dried soap from 50 grm. of the oil 
may be subjected to cold extraction in a separating funnel, by exposure 
for one-half hour to 100 c.c. of ether, this operation being repeated 
twice with fresh quantities of 100 c.c. of the solvent. 

By the first method the following results were obtained from 100 
grm. of oil : Cottonseed oil, 0*7199 grm. ; sesame oil, 1*3146 to 1*3256 
grm.; lard, 0*2176 grm. By the second method, 1*351 grm. was ob- 
tained from sesame oil. 

The results seemed to show that when the work is carefully done the 
second saponification and extraction are unnecessary. 

The bodies most frequently occurring with cholesterol and phytosterol, 
in the " unsaponifiable matter " of which the ether-residue is composed, 
are isocholesterol (page 350), wax-alcohols from sperm oil, wool-fat, 
&c., and various hydrocarbons. A partial separation of these bodies 
nfay be made by boiling the ether-residue with about three times its 
measure of alcohol, and filtering the liquid while hot. Hydrocarbons, 
«.^., petroleum products, vaseline, &c., remain chiefly undissolved. 
On cooling the alcoholic filtrate, with or without previous concentiu* 
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tion, cholesterol and phytosterol will mostly deposit, while the alcohols 
from sperm and bottlenose oils remain in solution. 

A more perfect separation of the constituents of a complex ether- 
residue, such as that yielded by *' recovered grease" or the crude oleic 
acid obtained by distillation of such products, may be ma^le by the 
following method C3chulze, Jour, f, prakt Chem., ex v. 163): — The 
ether-residue is boiled for an hour or two with an equal weight of 
acetic anhydride, in a flask furnished with an inverted condenser. 
The hydrocarbons, such as petroleum, vaseline, cerasin, and paraffin, 
are not dissolved, but form an oily layer on the surface of the acetic 
anhydride, which latter should be separated while still hot from the 
hydrocarbons and boiled two or three times with water. This treat- 
ment removes the excess of acetic anhydride. The residue consists of 
acetates of the solid alcohols, and if boiled with sufficient alcohol will 
dissolve entirely, but on cooling the solution the cholesteryl acetate will 
crystallise out almost completely. ' The acetates of the alcohol radicles 
from sperm oil and the waxes (as also any isocholesteryl acetate) 
remain in solution, and are precipitated as an oily layer by pouring 
the liquid into hot water. 

Lewkowitsch operates upon a known quantity of the alcohols, and 
thus determines the increase in weight at the same time (see table). 

Further information respecting the nature and probable source of 
the acetates can be obtained by ascertaining their melting points and 
saponification-equivalents, as also the melting points and iodine absorp- 
tion of the recovered alcohols resulting from saponification. 



Radicle. 


Alcohol. 


Acetate. 


Melting 
Point, 

oc. 


Iodine 
Absorp- 
tion. 


Percentage of 
Increase in 

Weight on Boil- 

Ing with Acetic 
Anhydride 

(Lewkowitsch). 


MelUng 
Point, oC. 


Saponifica- 
tion- 
Equivalent. 


Dodecatyl, C12H25 . , . . 

Hfexadecyl(Cetyl),C,oH33 
OcUdecyl, CisHgT .... 

Ceryl, QtIIm 

Myricyl, CsoHj, 

Cholesteryl, C»H43 . . . 
Isocholesteryl, C;6H<3 . . 
Phytostcryl, C^H^a . . . 


24 

49-5 

59 

79 

85-86 

147 
137-138 
132-138 












68-31 

68-31 

68-3 J 


Not determined. 

17-2 
15-5 
10-6 
9-6 
11-3 
11-3 
11-3 


Liq. at ord. 

temp. 

22-23 

31 

65 

1167 

92 

Below 100 


228 

284 

311-6 

438 

480 

414 

414 

414 



1 Calculated. Lewkowitsch {J. S. C. /., 1892, 143) obtained for cholesterol iodine-abeorptioD* 
of 6809 and 67-3. 
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The acetates of the wax-alcohol radicles saponify readily ; that of 
cholesteryl acetate is more gradual, but is completed when the solution 
becomes clear. The alcohols will be separated on acidulating the soap 
solution, while acetic acid remains in solution, the behavior being the 
reverse of that with saponified fats. 

Lewkowitech (J. 8. C. J., 1892, 134) obtained the following results 
from an examination of the mixed alcohols from sperm oil and wool- 
fat:- 



Mixed Alcohols 

FROM 


Mrltikg Poimt, ® C. 


Iodine Abk>bp- 

TION. 


Saponification 
Equivalent of the 

ACETATE. 


Sperm.oil 


25-5-27-5 


64-6-65-8 
36 

■ « 


295-348 
348 
372 


Neutral Wool-fftt.... 
Crude Wool-fat 



The separation of aliphatic alcohols from cholesterols has not as yet 
been satisfactorily accomplished. Lewkowitsch {X S, C. /., 1892, 
135) has proposed a method based upon the conversion of the alcohols 
into fatty acids when heated with potash-lime, the cholesterols remain- 
ing practically unchanged by the treatment In some experiments on 
alcohols from sperm oil, all except 4 to 6 per cent, were converted into 
fatty acids. On treating cholesterol in the same manner 93 per cent, 
was recovered unchanged. 

Cochenhausen (<7. 8. C/., 1897, 447) advises heating the mixture 
with sulphuric acid, by whioh the alcohols are converted into alkyl 
sulphates and the cholesterol into hydrocarbon " cholesterones." The 
former may be isolated by means of their sodium salts and the alcohol 
recovered by treatment with hydrochloric acid. See also Buisine's 
Method for waxes, page 224. 



Wool- Fat. Wool-Grease. Suint 

French — Suint German— ^Wollfett ; Wollschweissfett. 

Sheep's wool contains a large amount of fatty matter of very pecu- 
liar character. It is excreted by all parts of the animal, but is found 
most abundantly about the breast and shoulders. The crude " yolk,'' 
as it is called, is largely soluble in water, and hence is removed by 
washing the wool, but the wool-fat or suint proper remains, and can 



WOOL-FAT. 355 

be extracted by carbon disulphide, petroleum spirit, ether, or other 
suitable solvent. 

Thus obtained, wool-fat is a yellow or brownish grease, having a 
peculiar disagreeable smell. It melts between 39° and 43® C, and 
has a specific gravity of about '973 at 15° C. It possesses the remark- 
able property of forming a very perfect emulsion with water, which 
when kept at the ordinary temperature exhibits no tendency to sep- 
arate into its constituents. 

Complete saponification of wool-fat cannot be effected by boiling 
with alcoholic potash, except under pressure. 

Chemically, wool-fat has a peculiar and complex composition, and 
the exact nature is still unknown. Cholesterol and isocholesterol are 
present and potassium salts of various fatty acids, some of them Vola- 
tile. Contrary to the usually accepted statements, Lewkowitsch (J. S, 
C. /., 1892, 136 ; 1896, 14) has found that wool-fat is not a mixture 
of cholesteryl and isocholesteryl stearates, palmitates, and oleates, as 
is shown by the low iodine absorption of both the fatty acids and the 
alcohols. The form-^? were found to consist of hydroxy-acids, easily 
giving off the elements of water at temperatures little above 100° C, 
with formation of inner anhydrides or lactones. Oleic acid, if pres- 
ent, is in small amount. Besides cholesterol, a considerable propor- 
tion of lower saturated alcohols is present. No tritenyl esters have 
been found in wool-fat. 

Darmstadter and Lifschiitz (J. S. G /., 1897, 150) have reported 
the isolation of the following bodies: — Lanoceric acid, CaoHgoO*, insol- 
uble in water, but easily soluble in hot alcohol, from which it crystal- 
lises, on cooling, in plates of melting point 103°-105° ; lanopalmitic 
acid, melting at 87°-88° and solidifying at 83°-85° to a lustrous 
crystalline mass, and having the property of readily forming an 
emulsion with water ; also carnaubic and viyristic acids, an oily acid 
apparently oleic, and a volatile acid, possibly caproic.^ Among the 
alcohols, separated by absolute alcohol into several fractions, car- 
naiibyl alcohol (saturated), and cholesterol were identified. The 
investigations of G. de Sanctis (Chem. ZeiL, 1895, 651) point to the 
presence also of palmitic and cerotic acids. 

The results of Lewkowitsch's inquiries into the nature of wool-fat 
(J. S. C. /., 1892, 135.; 1896, 14) have led him to conclude that it is 
a true wax in the strict sense of this generic term. Natural wool-fat 
resembles beeswax, its closest relative, in that it contains a considerable 
proportion of free acid and a small amount of free alcohols, besides 
true waxes, and the term wool-wax should therefore be substituted for 
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wool-fat; but coDsideriDg the fact that the commercial wool-fat is, aa 
a rule, contaminated with fatty acids derived from the soap used in 
scovring the wool, it is more convenient to retain the term wool-fat for 
the commercial product He proposes, therefore, that the name wool- 
wax be given to the neutral portion of the wool-fat This consists of 
a mixture of true wax and alcohols, the former predominating con- 
siderably. The name wool-wax appears all the more desirable, as 
this neutral portion is now obtained in large quantities, both in the 
anhydrous and hydrated state, and confusion with the crude wool-fat 
is thereby avoided. 

The following are the results of examinations made by Lewkowitsch, 
as well as some determinations made in the author's laboratory by 
W. Chattaway:— 



Wool- Wax (Estebs and Frkb Alcohols). 



Specific grayity at QS-S** (water at Ib'b^ = 1). . 

Melting point 

Solidifying point 

Percentage of KHO for saponification 

Saponification-equiTalent 

Iodine absorption 

Fatty acids, per cent 

Alcohols 



Lkwkowttsch. 



310-3501 390-410 

300-30-20 » 
10*24 » 

f 25-8128-91 I 

\ n-l-17-6« j 

59-8 

43-6 51-84 1 



Chattaway. 



•9017' 



9-83* 
901-7 « 



Solidifying point , 

Melting „ , 

Mean moleoalar weight, 
Iodine absorption , 



Mixed Fatty 
Acids. 



40O 
41-80 
327-5 
17-0 



Mixed 
Alcohols. 



280 1 
33-50 
239 
36 » 26-4 « 



14KUTRAL ESTEKS. 


KHO for saponification, per cent 


9-69 
56-66 
47-55 


Fatty acids, „ „ 


Alcohols, „ „ \_' 





When extracted by means of solvents, wool-fat contains simply the 
constituents (fatty acids, neutral esters, alcohols, and potassium salts 

» From raw wool-fa t. « Prepared from " lanolin." 
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of lower fatty acids) natural to the wool. The following table repre- 
sents the results of examination of wool-fat extracted by ether (Her- 
big, J. 8. a /., 1894, 1069) :— 



Source. 


Potassium 
Salts in 
Ash, Calcu- 
lated TO 
Potassium 
Olbatb. 


Frre 

Acid 

KHOUE- 

quired. 


Percentage op KHO for 

Saponification on Hkatino 

FOB One Hour. 


Unsaponifi- 
adle Mat^ 
TER (Alco- 
hols). 


Open Flaak. 


Closed Flask. 


New Zealand Wool 
Australian „ 
South American „ 
Russian 


4-9 
4-24 
9-25 
24-4 


143 
150 
13-2 
X3-9 


10-60-10-82 
10-2i^-10'35 
8-82- 914 
7-77- 7-83 


11-05-1107 

11 -27-11 -32 

9-86- 9-89 

9-41- 9-58 


43-6<M3-94 

4315-43-65 
38-72-3910 



Wool-fat prepared by acidulating the suds obtained in the wool- 
acouring process is of variable composition. Potassium salts of the 
lower fatty acids are present in but small quantity, since these are 
removed in the first stage of the process, which consists in steeping the 
wool in luke-warm water. In addition to the compounds mentioned 
above as naturally present in the wool, it may contain unsaponified 
fat and mineral oil which had been added to lubricate the wool and 
fatty acids of variable character derived from the soap used in scour- 
ing. The product obtained in this way is called recovered grease^ 
wool-grease, brovm grease^ and Yorkshire grease. In the United States 
it is incorrectly called " d6gras." (For a description of true " d^gras " 
see under that head.) 

The analysis of wool-fat requires a departure from the usual methods. 
The potassium and other mineral constituents can be determined in 
the ash obtained on ignition. On saponifying the fat with alcoholic 
potash and extracting the soap in the manner described below, the 
alcohols, including cholesterol, are dissolved, and may be recovered by 
evaporation of the solvent, and examined as described on page 353. 
By treating the soap with acid, the higher fatty acids will be obtained, 
while the lower fatty acids can be determined by distillation in the 
usual way (p. 58). Foreign, saponifiable fats will be indicated by the 
presence of glycerol in the aqueous liquid separated from the fatty 
acids, and their amount will be roughly indicated by multiplying the 
glycerol found by ten. 

Free Fatty Acids. — ^These are measured by treating a weighed por- 
tion of the fat with alcohol, and titrating with standard potassium 
hydroxide in the usual manner; the amount may be calculated from 
the mean molecular weight. Lewkowitsch (J. /S. C. /., 1892, 136) 
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separates the free fatty acids for the determination of the molecular 
weight as follows : The amount of alkali required for neutralisation is 
first ascertained by titrating a small weighed quantity of the fat. A 
larger weighed quantity is then dissolved in alcohol and nearly neu- 
tralised with the greater part of the alkali required, and the remainder 
is added cautiously until the solution becomes pink to phenolphthaleln. 
The mixture of neutral fat and unsaponifiable matter, which rises to 
the surface, is dissolved in ether and separated from the soap solution, 
which is then repeatedly shaken out with ether. The ethereal extracts 
are united and washed repeatedly with water to remove all traces of 
soap. This stage of the process is very tedious on account of the 
emulsification of the two liquids. There is also formed an intermedi- 
ate layer, consisting of soap of a higher fatty acid, which is not soluble 
in water, but dissolves readily in boiling alkaline solution of soap of 
the other acids. It is separated by filtration. The free fatty acids 
are thus obtained in two parts, those of the dissolved soaps and those 
of the difficultly soluble soaps. The ether dissolved in the soap solu- 
tion is distilled off and the fatty acids set free by acidulating with 
hydrochloric acid. The solid soap on the filter is treated with boiling 
water and hydrochloric acid for the same purpose. 

Cochenhausen (J,S, CI., 1894, 1100) modifies the above process as 
follows: — The neutralised wool-fat is shaken with 30 per cent, alcohol 
and the soap solution boiled down to dryness, dissolved in 50 per cent, 
alcohol, and exhausted with petroleum ether. In this process also 
insoluble soaps of higher fatty acids separate between the two layers 
as flocculent matter and must be filtered off. 

As noted above, wool-fat contains hydroxylated fatty acids, which, 
on heating to a temperature of 100° C. and over, lose the elements of 
water and form inner anhydrides or lactones. These are not com- 
pletely hydrolysed by aqueous solution of potassium hydroxide, which, 
if used for the determination of the molecular weight on a sample 
which has been heated to dry it, would furnish results in excess of the 
truth. Error from this source is avoided by boiling the acids with 
standard alcoholic potassium hydroxide and titrating back the excess 
of alkali. In this way any anhydride which may be present is effectu- 
ally hydrolysed. 

Saponification-equivalent — As already noted, wool-fat is not com- 
pletely saponified by simple boiling with alcoholic potassium hydrox- 
ide. Lewkowitsch (J. S. C. J., 1892, 137), found that complete saponi- 
fication could be effected by the use of double normal alkali under 
pressure. The fat and alkali should be contained in a copper fiask 
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tightly closed, placed in boiling water and allowed to remain for from 
one to two hours, with occasional shaking. Identical results were 
obtained without pressure by the use of a freshly prepared solution 
of sodium ethylate. Herbig's experiments (J. S. C. /., 1894, 1069) 
confirm these results so far as regards the saponification under 
pressure, but equally satisfactory results were not always secured by 
the use of sodium ethylate, Herbig found, further, that wool-fat con- 
tains esters that are easily saponified by alcoholic potassium hydroxide, 
and that, working under definite conditions, constant numbers for 
these are obtained. Heating over the naked flame was found to effect 
the result much more rapidly than by means of the water-bath, and 
the action is complete at the end of one hour's heating in a flask pro- 
vided with a vertical condenser. By reason of its convenience, this 
method is often employed in the commercial valuation of wool- fats. 
The table on page 357 shows some results obtained in this way com- 
pared with those obtained by saponification under pressure. In the 
Jatter determinations, double-normal alkali was used and the materials 
maintained at a temperature of 105^-106*^ C. 

Determination of Unaaponifiable 'Matter, — The separation of the 
ethereal layer from the aqueous solution of saponified wool-fat and re- 
covered grease is troublesome, an intermediate stratum of a very per- 
sistent nature being formed. C. Rawson has suggested the following 
plan : — 

The sample is saponified with alcoholic potash in the usual way, and 
the resultant solution is evaporated in. a porcelain basin placed ever a 
small flame. Toward the end of the operation some powdered sodium 
acid carbonate is stirred in to neutralise the excess of alkali, and some 
sand also added. The residue is then dried at 100^ and exhausted 
with ether in a Soxhlet tube. The ethereal solution is then evaporated 
to dryness, the residue boiled with water, and the solution agitated 
with ether ; or the ethereal solution is at once agitated with water con- 
taining a little caustic soda to dissolve any soap it may cont&in, and 
then evaporated to dryness and the residue weighed. 

A more satisfactory method is that of Herbig (Analyei, 1896^ 47). 
From 1 to 2*5 grm. of the fat are boiled with seminormal potassium 
hydroxide for an hour, the excess of alkali neutralised with Btandard 
acid, and the whole washed into a beaker with boiling alcohol. The 
alcohol is evaporated, the solution heated to 70^-75° C, and the fatty 
acids precipitated with calcium chloride, the amount of which has been 
calculated from the saponification-equivalent. The precipitate is fil- 
tered off, well washed with dilute alcohol (1 to 20), and dried on the 
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filter in vacuo. When dry, it is extracted in a Soxhiet extractor with 
freshly distilled acetone for six hours, after which the acetone is 
evaporated, the extract washed with ether into a platinum basin, the 
ether evaporated, and the residue, which consists of the unsaponifiable 
matter and of the, esters which cannot be saponified by the ordinary 
process of boiling with alcoholic potash, dried at 105^ C. and weighed. 

The chief points to be observed are the purity of the acetone — the 
fraction boiling between 55*6^ and 56'5^ being used— and the tem- 
perature at which the calcium salts are precipitated. If too hot they 
fuse, and if too cold they become slimy, subsequent filtration being 
almost impossible in either case. 

It is advisable to extract the cork of the extraction apparatus with 
ether, alcohol, and acetone. 

For the estimation of the alcohols, free and formed by the saponi- 
fication, it is necessary to saponify under pressure, precipitate with 
calcium chloride, and extract with acetone as described. 

F. Ulzer and H. Seidel (^Analyst, 1896, 260) propose to determine, 
instead of the saponification-equivalent, the total acidity number, as 
was recommended by Benedikt and Mangold in the case of wax. 
This number is the amount of potassium hydroxide (expressed as 
milligrams per gram) required to neutralise the mixture of fatty 
acids and fatty alcohols obtained by saponification and decomposition 
of the soap with acid. 20 grm. of potassium hydroxide are dissolved 
in 20 c.c. of water in a porcelain basin holding from 350 to 600 cc, 
and the solution heated to boiling for about a minute, the heating 
continued on a water-bath until a thick, uniform soap is obtained, and 
the basin finally placed for two houi:s in the water-oven to complete 
the saponification. The soap is dissolved in about 250 cc. of boiling 
water and decomposed with 40 c.c. of hydrochloric acid previously 
diluted with water. The clear fatty layer is repeatedly washed with 
boiling water until the washings are free from acid, and then dried in 
the water-oven. Froih 5 to 6 grm. of the dry mixture of fatty acida 
and alcohols are weighed accurately and titrated with alcoholic potas- 
sium hydroxide with the precautions noted above in the determination 
of the molecular weight. The authors conclude that for the technical 
examination of a wool -fat sufficient data are furnished by the deter- 
. mination of the acid value (i.e., the milligrams of potassium hydroxide 
required to neutralise the free fatty acids of one gram), the total 
acidity number, the iodine number, and the Reicbert-Meissl number, 
together with a gravimetric determination of the unsaponifiable 
matter. 
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Lewkowitsch (J. S. C. J., 1892, 141, and Chem, Anal, of Oils, Fata, and 
Waxes) giyes the following data from the analysis of a wool -fat: — 
The volatile acids were determined by the Reichert process and their 
mean molecular weight assumed to be 104 (C5H12O2). The total free 
and combined fatty acids were well washed to free them from soluble 
fatty acids, and their molecular weight found to be 332. 

Volatile acids from 1 grm. required, .... 0*124 c.c. normal KOH, 
Free insol. acids „ ,, ,, ... 0*586 „ „ „ 

Total „ „ „ n 219 „ 

Combined insol. acids (by diflference), ... 1*43 ,, ,. ,, 
Unsaponifiuble matter, 36*47 per cent. 

And therefore. 

Volatile fatty acids = 0* 124 X 10-2 = . . . . l*2a „ „ 

Insoluble free fatty acids = O086 X 33*2 = . 19-45 ,, „ 
Combined insol. fatty acids (hydrated) = 

1*48X33*2= 49*13 „ „ 

Total unsaponifiable matter, 3^*47 ,, „ 

106*31 „ „ 

The excess over 100 per cent, is of course due, in part at least, to 
hydration incident to the saponification. 

Lanolin. — On account of its property of readily forming with water 
an emulsion easily absorbed by the skin, wool-fat, purified by various 
patented processes, has come into extensive use as a basis for ointments 
and salves. Two preparations are recognised by the British Pharma- 
copeia — Adeps LancR emd Adeps Lance Hydrosus, The current U.S. 
Pharmacopeia recognises only the latter form. It is commonly known 
as " Lanolin," and consists of about 75-80 per cent, of wool-wax with 
20-26 per cent, of water. It is usually white or slightly yellow, and 
of salve-like consistence. It does not turn rancid. According to 
Liebrich, it should be free from all traces of chlorine, metals, glycerol 
or its esters, soaps, saline matters, and mechanically intermixed impuri- 
ties or coloring matters, and it should not have any disagreeable odor. 
On rubbing on blue litmus-paper no reddening should occur. 

The U. S. Pharmacopeia prescribes the following requirements for lanolin : — 
When iguite<l it should leave not more than 0*3 per cent, of ash, which should 

not have an alkaline reaction to litmus (absence of alkalies). 

If 2 grm. are dissolved in 10 c.c. of ether and mixed with 2 drops of plienol- 

phthalein solution, a colorless liquid should result (absence of free alkah'cif), 

which should be decidedly reddened by 1 drop of normal potassium hydroxide 

(absence of free fatty acids). 
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If 10 grm. be heated together with 50 cei of water on a wtiter-bath, until the 
lilt 18 melted, there shoald resalt an upper transldcent and ligbt-yellow fatty 
layer, and a lower, clear aqaeons Uyer, which latter shonld not yield glycerol 
on evaporation ; and when a portion of it is heated with potaseinm hydroxide 
solution it should not emit vapors of ammonia. 

Distilled wool-grease is a product obtained by distilling wool- 
fat with the aid of steam. The lighter portions, " olein," separated 
by cooling, are used for lubricating wool, and the more solid fractions 
" stearine," in the manufacture of soap and candles. It has also been 
used to adulterate tallow. According to Lewkowitsch (J. 8. C. L, 
1892, 142), but a small proportion of the esters originally present in 
the wool- fat are found in the distilled product, the greater portion 
being decomposed into fatty acids and hydrocarbons. The fatty acids^ 
especially the higher members of the series, are further associated into 
hydrocarbons and acids of lower molecular weight. Hydrocarbons are 
also formed by the decomposition of the free alcohols, a part of which, 
however, distil unchanged. The nature of these hydrocarbons is not 
well understood, and no means is known of distinguishing them from 
hydrocarbons intentionally added. 

The examination of distilled wool-grease is conducted upon the 
same general lines indicated in. the case of wool-fat Lewkowitschi 
obtained the following results from a sample obtained by the distilla^ 
tion of recovered grease, the analysis of which is stated on page 361 : — 

Free fatty acids, 64*91 per cent 

Comhined fatty acids, 7*02 ,, „ 

Unsaponifiable, 38*80 „ „ 

For other analyses of distilled wool-grease see page 265. 

Alcoholic potassium hydroxide should be used in the determination 
of the molecular weight. 

The fatty acids may also be determined with sufficient accuracy by 
the usual gravimetric method. 

Sod Oil. D6gras. 

French — D^gras, Moellon. Oerman — ^Lederfett,'Weissbruhe, Ger- 
berfett. 

D6gras is the waste fat obtained in the chamoising process and largely 
used in dressing leather. The chamoising process consists essentially 
in oiling the suitably-prepared skins with whale- or cod-oil (t,e., the 
lower grades of cod-liver oil), stamping them in the stocks, and placing 
them in heaps, so that a fermentative change attended with develop* 
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ment of heat is brought about. The process is complete when the 
skins have acquired the usual yellow color of chamois leather. Under 
these conditions, oxidation of the oil takes place, and a portion of it 
combines with the skin, from which it cannot be removed by the usual 
solvents. About an equal quantity of uncombined oil is also mechani- 
cally enclosed in the skin. After being well scraped with a blunt 
knife, by which much of the excess of oil is removed, the skins are 
washed with lye and the emulsion treated with acid ; the fatty matter 
which rises to the surface is added to the oil already obtained by scrap- 
ing. The product so obtained constitutes the so-called ''sod oil/' 
This is the method largely used in Germany and England. The fol- 
lowing process employed in France is also used in England to a con- 
siderable extent : — The treatment by oiling, stocking, and fermenting is 
carried out for a shorter period, so that a larger proportion of uncom- 
bined oil remains in the skins. This is removed by wringing or hy- 
draulic pressing, and constitutes the " raoellon" or " ddgras" of com- 
merce. The remaining uncombined oil is removed by washing with 
lye and treatment with acid, and is usually added to the product. 
The moellou of commerce is said to be invariably mixed with untreated 
oils. Moellon contains less fibre, mineral matter, and water than sod 
oil. 

Jean found that d^gras (moellon) contains from 10 to 20 per cent, 
of water, and that the property of forming an emulsion with water 
depends upon the presence of an oxidation product of the oil formed 
during the chamoising process. He describes it as a '' resinous sub- 
stance," insoluble in petroleum spirit, but soluble in alcohol and ether. 
It is saponifiable, but, unlike ordinary fat, the soap formed is not pre- 
cipitated from alkaline solution by the addition of salt. The melting 
point was stated to be 65^-61"^. Simand has given it the name degras- 
former. According to him it is insoluble in petroleum spirit, benzene, 
and almost insoluble in ether. It'ls soluble in alkaline solutions, from 
which it is precipitated by the addition of acid. It was also found in 
all animal and marine oils. Fahrion (J. S, 0. J., 1891, 557) regards 
it as a mixture of hydroxy-fatty acids and anhydrides. It is an oxida- 
tion product, and experience has shown that those marine animal oils 
which absorb oxygen readily are the most suitable for the preparation 
of d^gras. Fahrion found an iodine-absorption of 65*9 per cent, in 
ddgras- former. Ruhsam found 98*8 per cent, in sample No. 1 on 
page 368. According to Fahrion (J. S. C. /., 1891, 558), d^gras 
former contains no nitrogen, that found by Eitner being due to im- 
purities. 



364 DEORA8. 

D^gras-former is said not to exist ia the free state in d^gras, but 
forms a part of the saponifiable matter which is readily soluble in 
petroleum spirit, in which the d^gras-former itself is insoluble. 

C. Baron (J. S. C. L, 1897, 922) prepares an artificial d^gras as 
follows : — 1000 kilos of neutral wool-fat (extracted by petroleum spirit) 
are placed in a tinned steel vessel with 5000 kilos of cod- or whale-oil. 
The liquid is heated by a steam coil, agitated for three hours, then 
allowed to rest and cool for the same period, and the water withdrawn. 
The water is again heated to 40^, 150 kilos of hydrogen peroxide and 
and 450 kilos of water added, and the whole agitated for five hours at 
a pressure of 2 atmospheres. The resulting product is said to form 
an excellent moellon, having a yellow color and being easily emulsified 
and absorbed by the skins. It is important that the wool-grease be 
free from sulphuric acid, lest this should dissolve traces of iron, and so 
cause darkening of the leather. 

Examination of D£:ora8. 

Water is determined, according to Simand, by weighing 25 groL of 
the sample in a tared porcelain basin provided with a short thermom- 
eter as stirrer, adding 50-100 grm. of blubber or other oil previously 
dried by heating to 105° C.,'heating the mixture to the same tempera* 
ture, and determining the loss in weight Ruhsam makes the deter- 
mination by heating 2-3 grm. of the sample in a weighed platinum 
crucible until an empyreumatic odor indicates the complete dehydration 
of the fat. 

French d6gras usually contains from 10 to 20 per cent, of water; 
sod oil may contain as much as 40 per cent. 

Free Acid, — Mineral acids may be detected as described on page 
104. The amount is determined by boiling a weighed quantity of the 
sample with w^ter and separating the watery solution, which will con- 
tain the mineral acids as well as any soluble fatty acids; the deter- 
mination of the former is made by adding methyl-orange and titrating 
with standard alkali until the point of neutrality is reached. The 
soluble fatty acids are then determined by adding phenolphthalein and 
titrating a second time. 

Free fatty acids may be determined in the residue insoluble in water 
by dissolving in alcohol and titrating as usual. They are usually cal- 
culated to oleic acid. 

Ash. — This is determined in the usual manner. It should be tested 
for iron. According to Simand, even as low a proportion as 0*05 per 
nent of ferric oxide has a distinctly injurious effect. 
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The ash ofmocllon is usually less than 0*1 per cent. ; that of iBod oil. 
may amount to several per cent. 

Fragments of hide may be determined in the residue left from the 
solution in petroleum spirit, which is dried, weighed, and incinerated. 
The loss on incineration may be taken to represent, roughly, the hide 
fragments. 

Unaaponifiaile matter may be determined in the usual manner as 
described on page 113. 

Degras-former, — Simand makes the determination as follows : — 20 to 
25 grm. of the sample, according to the amount of water present, are 
saponified in an Erlenmeyer flask, with a funnel placed in the mouth, 
using a solution of about 5 to 6 grm. of solid sodium hydroxide in 10 
C.C. of water and 50 to 60 c.c. of alcohol. The alcohol is evaporated » 
the soap dissolved in water, and the fatty acids liberated by hydro- 
chloric acid. The liquid is then warmed until the fatty acids have 
formed a clear oily layer and the degras-former has collected in lumps. 
It is then allowed to cool and the acid water separated from the undis- 
solved portion. This latter b washed several times with boiling water,^ 
the washings added to the acid liquid, and the mass remaining in the 
flask (consisting of the d^gras-former, fatty acids, and unsaponifiable 
matter) is dried at 105^ C. The acid liquid and washings are neu- 
tralised with ammonium hydroxide, evaporated to dryness, redissolved 
in a small amount of water, the solution feebly )Etcidified with hydro- 
chloric acid and the small amount of d4grasformer thus obtained 
(which had been dissolved in the aqueous liquid) separated by filtra- 
tion, washed, dried, and added to the contents of the flask. It is then 
extracted with 100 to 120 c.c. of petroleum spirit, which dissolves the 
fatty acids and leaves the d^gras-former and some albuminous mate- 
rials. The residue is dissolved in alcohol by warming, the solution 
filtered, the filtrate evaporated to dryness, and the residue weighed as 
d^gras-former. The process is said to be accurate within 0*5 per 
cent. The petroleum spirit may be evaporated and the residual fatty 
acids weighed and examined. 

D^gras, according to Simand, is pure and genuine only when it 
contains at least 12 per cent, of d^gras-former. It may contain as 
much as 17 per cent. 

Jean determines the proportion of '' resinous substance " as follows : 
A weighed quantity of d^gras is saponified and the watery solution or 
the soap extracted with ether to remove the unsaponifiable matters. 
The soap solution is boiled to drive ofi" the ether, and precipitated while 
hot with excess of pure sodium chloride. Afler cooling, the colored 
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liquid is filtered from the separated soap, the filtrate collected in a 
flask, and acidified with hydrochloric acid. The " resinous substance" 
separates in flocks, which on boiling unite and adhere to the side of the 
flask. The liquid is cooled, shaken out with ether, the ethereal solu- 
tion evaporated, and the residue dried and weighed. 

Jean considers that a specific gravity of the oil extracted from d^graa 
of less than '920 indicates the presence of foreign fats, e.g,^ wool -fat, 
oleic acid, and tallow. The specific gravity of the oil from d^gras 
raade from fish- and whale-oil is given as 949 to '955. The presence of 
tallow is also indicated by the higher melting point of the fatty acids. 
In the examination of artificial d^gras, Simand takes into considera- 
tion, in addition to the ash and water, the following points : — 

1. The d^gras-former, which may be derived from a small quantity 
of admixed true d^gras or from the oils. 

2. The wool-fat 

3. Hydrocarbons (vaseline) 

4. Colophony. 

To determine the d6gras-former, Simand proceeds as with genuine 
d^gras, but substitutes ether for the petroleum spirit, since the wool-fat 
acids are dissolved by the former in the cold. 

The determination of the amount of wool-fat is as yet an unsolved 
problem. The detection of cholesterol would not, in itself, sufilice, as 
it is a natural constituent of the fish oils used in the manufacture of 
d^gras. Lewkowitsch points out that by the ordinary methods of 
saponification, a portion of the wool-fat would probably be found in 
the unsaponifiable portion, and that by again saponifying under press- 
ure a definite saponification value would point to the presence of wool- 
wax. 

Benedikt (^AnaL d, Fette w. Wachsarim) states that by determining 
the amount of cholesteryl acetate (see page 353) a very rough approx- 
imation of the amount of wool-fat may be obtained. Wool-fat fur- 
nishes percentages of cholesteryl acetate varying from 959 to 1871 
per cent. 
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Resin may be determined as on page 107, and hydrocarbons as on 
page 11.0. 

Jean gives the following example of examinations of d^gras : — 





1 


2 ' 


3 


4 


5 


6 


7 


Water per cent. 

Ash „ 


18-90 
0-25 
0-30 

69-71 
6-84 
400 


14-84 

. 013 

0-30 

74-65 
6-05 
4-05 


12-93 
0-55 
0-09 

80-00 

6-81 


28-90 
0-70 
0-58 

66-93 

3-52 


19-20 
007 
0-27 

75-66 

4-SO 


5-39 
0-25 

84-87 

9-46 


8-90 

1-21 

1-59 

72-15 

l6-i5 


Hide-fragments ... „ 

Oils „ 

Uns&ponifi&ble matter ,, 
" Resinous substance " „ 



Simand gives the following results : — 





DtORAA- 
FORMER 

Per Cent. 


Mbltiko- 
Point of 

Fatty 
Acids, ® C 


Soap, 
Pkr 
Cent. 


Original D£gras. 


Hide-Frag- 
ments, Per 
Ceut. 


Water. 
Per Cent. 


French d^gras fl 
(Anhydrous) 1 3 


1014 
18-43 
1810 


180-2S-5 

28-5-29 

310-31-5 


0-73 
0-49 
0-68 


0-07 
012 
018 


16-5 
20-5 
12-0 


Sod oil ' jl 
(Anhydrous) jj 


20-57 
18-63 
17-84 


33-5-34 
27-5-27 
280-28-5 


3-95 
3-45 
3-00 


5-7 
5-9 
4-5 


360 
28-0 
30-6 



The table on the following page gives the results of an extended 
series of examinations of d^gras by R. Ruhsam (J. S, C, /., 1891, 
639). Samples 1 to 9 are French artificial d^gras; No. 10 is a 
80 called "emulsion fat "; No. 11 is a genuine d^gras from the cod 
oil No. 12. 

The iodine-absorptions were determined as usual, the insoluble fatty 
acids being first freed from d^gras-former by solution in petroleum 
spirit. It will be noted that the figure for genuine d^gras is much 
higher than -that of the artificial samples. The acetyl values wer^ 
determined by the method of Benedikt and Ulzer, and are of value 
only for comparison with each other. (See page 245.) 
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Cloth Oils. 

Cloth oil or wool oil is a trade term for all materials used in lubri- 
catiDg wool before spinniDg, or rags before grinding and pulling. 
Since the success of the subsequent dyeing operations is in a great 
measure dependent upon the thoroughness with which these oils are 
removed by scouring, mineral oil or, in general, any unsaponifiable 
matter is objectionable. 

Mineral oils are emulsified by soap -solutions and removed in great 
part, but not completely, by ordinary scouring. With the better 
grades of goods even a small proportion of these oils is harmful, but 
with low grades it is permissible to use a strongly alkaline soap, by 
which the mineral oil is to a great extent removed. 

According to Horwitz (J. S. C. J., 1890, 937) cholesterol may be 
present in the cheapest grades of olive oil in sufficient quantity to 
cause spotting of the dyed fabric. A sample of oil used to lubricate 
a wool which exhibited this condition was found to contain 3 per cent, 
of cholesterol, and other samples were found to contain as high as 4 
per cent. 

Olive, lard, and neatsfoot oils, and commercial oleic acid ('*red oil,'^ 
"elaine," ** oleine") are largely employed, and when of good quality 
are the most suitable* Besides these, however, wool-grease, distilled 
grease, and seek oil (the recovered grease from the scouring of 
various silk, woolen, and cotton goods) are employed. The cheaper 
oils in the market consist of one or more of the above, mixed with 
more or less mineral oil. So-called '' emulsion oils," consisting of oil 
or *' oleine " held in suspension in a solution of soap, or of borax and 
Irish moss, and also simple solutions of soap are employed. The latter 
are prepared from castor oil or ricinolsulphuric acid. 

An important factor to be considered in judging of the suitability 
of an oil for this purpose is its liability to cause spontaneous combus- 
tion. AH oils that absorb oxygen are dangerous in this respect. 
Mineral oils, while not open to this objection, are still considered dan- 
gerous by reason of the facility with which a fire, once started, will 
spread in their presence. An examination directed to these points is 
all the more important in view' of the higher rate of insurance which 
may be charged in some countries when oils considered unsafe in this 
respect are employed. In Great Britain the rating is based upon the 
nature of the oil, the proportion of unsaponifiable matter, and the 
flash test The lowest rate is charged when an olive oil, lard oil, or 
" oleine " is used containing not more than 10 per cent, of unsaponifi- 
VOL. IL— 24 
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able matter* or a fish or manufactured oil coDtainiug uot more than 
30 per cent of unsaponifiable matter and having a flash point not 
under 167® C. The highest rate is charged in the presence of drying 
oils or of more than 60 per cent of unsaponifiable matter. 

The " flash point " of an oil intended for this purpose may be deter- 
mined yery simply by placing 60 c.c. in a porcelain dish or crucible, 
in a sand-bath, heating with constant churning, and noting the tem- 
perature at which a flash across the surface is produced when a small 
flame is brought near. 
A satisfactory test of the liability of an oil to inflame spon- 
taneously may be made by means of Mao- 
key's "Cloth-oil Tester" (J. 8. C. J.. 1896, 
90). The apparatus consisU of a cylindrical 
metal oven surrounded by a water jacket. 
The dimensions are as follows :—OuUide, 
8 in. high and 6 in. diameter ; inside, 7 in. 
high and 4 in. diameter. The tubes A and 
B are i in. internal diameter and 6 in. long 
measured from the lid. The depth inside 
with the lid on is 6i in. A lid packed 
with asbestos wool fits on the top, and the 
tubes A and B serve to maintain a current 
of air through the oven. Care should be 
taken that the steam from the water jacket 
is neither drawn down B nor warms A. C 
is a cylinder made of a piece of wire gauze 
(24 meshes to the inch) 6 by 6 in., forming 
a roll 6 in. long and H in. diameter. In 
this cylinder is placed 7 grm. of ordinary 
bleached cotton-wadding, previously im- 
pregnated with 14 grm. of the oil under 
examination, and occupying the upper 4i in. of the cylinder. 

The water being brought to the boiling-point, a thermometer is 
inserted in the oiled cotton contained in the gauze cylinder, which is 
then placed in the bath, the thermometer being allowed to protrude 
through a cork in the opening shown in the lid. The water is kept boil- 
ing and the temperature read at the end of an hour. An oil attaining 
a temperature of 100® C. or over at the end of this time is to be 
regarded as dangerous. The following are the resulte of experiments 
on various oils : — 
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OilUskd. 


Tkmpkratvkk at the Exd op 


ftUxiMxnc. 


Ooe Hour. 


One Hour, 
Fifteen 
Miiiiutet. 


One Hour, 
Thirty 
Minutes. 




125 
121 
128 
124 
116 
118 
117 
112 
114 
105 
102 
103 

08 
08 
98 
98 
98 
97 
97 


242 
242 
212 
210 
192 
191 
190 
177 
177 
165 
135 
115 

102 
101 
100 
99 
100 
100 


282 
225 

200 
202 
194 
204 

208 
191 

104 
102 
102 
100 
101 
101 
101 


H. M. 

242 in 1 15 
284 „ 1 35 

225 „ 1 30 

243 „ 1 35 
200 „ 1 30 
202 „ 1 30 
194 „ 1 30 
211 ,, 1 45 
196 ,, 1 25 
293 „ 1 55 

226 „ 1 45 
230 „ 1 45 

241 „ 3 25 
110 „ 2 8 

172 „ 8 15 

173 „ 8 16 
235 „ 5 15 
228 „ 4 SO 
235 ,, 4 55 








» • 




»» • 


Oliva. fatty aoida 






White Atutraluun olive 

OliTe, with 1 per oeot. free Iktty 
acid 


"Oleine" 


» NinetT-aeven per cent, oleine" . . 
Belffian " oleine " 


OliTe, neutral *. 


W ft 





The chemical examination of cloth oils is made by the application 
of the principles and methods already laid down. An estimation of 
the amount of the unsaponifiable matter is important, and if hydrocar- 
b<m$ are present the flash point should also be determined. The iodine 
number will aid in the detection of drying oiU. The examination of 
commercial oleic acid is given in detail on page 262 ; it is to be espe- 
cially tested for unsaponifiable matter and for linseed-oil acids. Besin 
should be looked for in the fatty acids separated from the saponifiable 
portion as described on page 107. See also under '' wool-fat " and 
''distilled wool-grease." Free mineral acid, which is especially apt to 
be present in commercial oleic acid, is objectionable on account of its 
corrosive action on card-teeth. 

In the case of " emulsion oils " the fatty matter may be separated 
by treatment with acid and examined as above. Oelatine or gummy 
maiien used in preparing the emulsion may be separated by addition 
of aloohoL 
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To page 66, 

Hebner (Analyst, 1895, 49) has proposed to determine the bromine- 
absorption of oils graviroetrically, the method possessing, among 
others, the advantage that the products of the reaction are obtained in 
a form that their physical properties may be afterwards investigated. 
A small, wide-mouthed flask is carefully weighed, and from one to three 
grm. of the fat placed in it, dissolved in a few c.c. of chloroform, and 
pure bromine added, drop by drop, until decidedly in excess. Both 
the chloroform and bromine must be previously tested in a blank 
experiment to make sure that they yield no appreciable residue. 
The flask is heated on the water-bath until most of the water i% 
driven off; a little more chloroform is added, and the mixture is again 
heated, the chloroform vapor helping to drive off the excess of bro- 
mine. The addition of chloroform may be repeated. The flask and 
contents are placed in an air-bath and kept at 125° C. until the 
weight is constant; this takes several hours. A little acrolein and 
hydrobromic acid escape during the drying; the residue in some cases 
darkens slightly, in othefs, a clear yellow product is obtained. Dry- 
ing at 100° C. does not furnish satisfactory results. 

The following are some results, compared with Hiibl's figures upon 
the same samples. For comparison, the gain in weight is calculated 
to iodine by multiplying by 1*687 : — 



Substance Used. 


looufE Br HObl. 


Iodine Correspond- 
INC TO Bromine, 
Gravimetkically. 


Olive oil 


80-3 


81-5 
79-9 
80-7 
64-4 
64-6 
64-1 
61-4 
123-2 
34-3 
47-8 
69-5 
159-6 
102-3 




80-2 
80-6 
66-7 

63-2 
60-1 

1220 
34-0 
48-1 
830 

132-5 


" 


Lard 


»» • • • 




Maize oil. 


Butter-fat 


Mutton fatty acids 

Casttfr oil 


Boiled linseed oil 

Almond-oil fatty acids 
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For almond oil the Hubl figure was not determined, but calculating 
upon 95*5 per cent, of fatty acids the figure 102'3 for the fatty acids 
corresponds to 97*7, given by Hiibl for pure almond oil. 

Hehner makes the following comments upon these figures: — "It 
will be seen that in most cases the iodine figure calculated from the 
gravimetric bromine-absorption is in satisfactory approximation to 
the Hiibl number, considering that that number is liable to variations 
of. from 1 to 2 per cent, even in duplicate analyses (Author and Zink, 
Zeit. /. AnaL Chem., 1892, p. 536) ; but in the case of castor oil the 
bromine process as used by myself gives a substantially lower result 
than .the fiiibl method, while in that of the sample of boiled linseed 
oil the reverse is the case. Whatever the explanation may be, and 
without desiring to generalise upon such scanty data, it is remarkable 
that in both those cases in which the oils contained more oxygen than 
do ordinary oils the figures are substantially difierent. This differ- 
ence may be worthy of further investigation. Fahriou ( Cfiem, Zeit,, 
1892, 1472) has already shown that the behavior of castor oil towards 
Hubl's solution is anomalous.'' 

B. Williams has published the following results of examinations of 
linseed oil by this process (Analyst, 1895, 276) : — 



Kind of Oil. 


HCbl 
Number. 


Bromine Dete»- 
MIMKD Gravi- 
METRICALLY. 


lODIVR CORRK- 

BPONDINO TO 

BlU>MUllC 


Raw liniMd oil 


183-2 
192-9 
1S5-2 
195-5 
194-S 
195-1 
175-1 
16.3-0 
'99-5 
96-9 


114-2 
120-7 
115-1 
119-2 
119-6 
119-4 

ni-3 

112-4 
65-6 
59-5 


181-2 
191-5 
182-7 
189-2 
189-8 
189-5 
176-6 
- 178-4 
104-1 
951 




ff ff ••-•• -.. 






Boiled ]inse«d oil, thin 


gtont 


„ „ rery stout 



Lewkowit8ch,(J. 8. C. J., 1896, 859) and Jenkins (J. S. C. /., 1897, 
193) have noted that in some cases the brominated product appears to 
lose weight indefinitely on drying. 

\ViJ3 (Analyst, 1898, 240) has proposed a new method for determin- 
ing the iodine absorption of oils based upon the use of hypoiodous 
acid, which is stated to be the substance chiefly concerned in the Hiibl 
process. The fact that the substance decomposes readily (5HI0 = 
HIO3 + 2H2O + 41) prevents its employment successfully at first 
hand. It was found best to obtain the acid by the action of water on 



374 



ADDENDA. 



iodine chloride (ICl + H,0 = HCl + HIO), choosing a solvent which 
contained so much of the former as would decompose nearl j the whole 
of the latter, and at the same time not be oxidised bj the hypoiodoas 
acid. Qood results were obtained with a solution of iodine chloride in 
95 per cent, acetic acid. This was prepared by dissolving 13 grm. of 
iodine in a liter of acetic acid, determining the " halogen content " 
of the solution and passing in a current of chlorine (free from hjdro^ 
chloric acid) until the ** halogen content " was doubled. With a little 
practice this point is said to be readily discernible by the change in 
color. The solution is employed as Hubl's sojution, except that the 
time required for absorption is greatly reduced. With oils of low 
iodine values, the absorption is said to be complete in. four minutes, 
and with those of higher value not more, than ten minutes will be 
n«9se8sary if too much oil be not taken. 
The following are results compared with those of the Hubl process : 



Excess of Iodihb, 
PXB Cbnt. 



TIMX OF Absobf- 
TIOM. 



lODIHB YaLUB. 



LiDseodoil... 

w . . . 

>» . . . 

,} . . . 

Liver oil 

ff 

M 

» 

Mmiseou!!!! 
ff . . . • 

tf • • • • 

„ . . . . 
Poppy oil.... 

» . . . . 

f » • • • ■ 
Sunflower oil. 

ft 

tt • 

Sesune oiK . . 

w ••• 

tf -•• 
Cottonseed oil 

tf 

Rapeseed oil . 
tf 

Earthnatoil . 
tt 
ft 

Olive oil....! 



68 
67 
67 
67 
61 
47 
62 
66 
62 
68 
66 
64 
64 
69 
69 
67 
70 
69 
63 
69 
68 
67 
68 
69 
69 
68 
66 
61 
74 
70 
70 
70 
70 
70 
70 



4 hoars. 

6 minatos. 

7 „ 
10 ,. 

4 hoars. 

6 minutes. 

7 „ 

8 „ 

•. " 
i hours. 

3 minutes. 
« „ 

7 „ 

4 hours. 

3 minutes. 
7 „ 

4 hours. 

3 mioutes. 
7 „ 

4 hours. 

6 minutes. 

^ " 

4 hours. 

3 minutes. 

7 „ 

4 hours. 

3 minutes. 
7 ,. 

4 hours. 

2 minutes4 

» " 

* tt 
4 hours. 

3 minutes. 



180-01 (UUbl). 

181-68 

182-26 

182-17 

160-64 (HUbl). 

164-79 

166-74 

166-61 

166*23 

124-87 (Httbl). 

127-66 

128-66 

126-38 

119-36 (Httbl). 

119-66 

119-67 

117-81 (HaU). 

118-92 

119-01 

110-36 (HabI). 

111-87 

in-76 

108-76 (HUbl). 

11007 

109*83 

102-96 (HUbl). 

103-08 

103-33 

87;26 (Httbl). 

86-89 

87-18 

87-26 

83-27^HUb1). 

84-39 

84-46 
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In almost every case the values given by the new solution were 
higher than the ordinary Hiibi values, but they are claimed to be more 
correct by reason of the results obtained with purified allyl alcohol. 
This has a theoretical iodine value of 435. By Hubl's process Lew- 
kowitsch obtained values varying from 349 to 376. Using an excess 
of 76 per cent, of iodine, Wijs obtained an iodine va^ue of 425 by 
Hubl's process^ whilst with iodine chloride in acetic acid (the excess 
of Iodine being the same) his results were: after 6 minutes 434*1 
and after 10 minutes 436'8. 

To page 230. 
A Method of Analysing Oxidised Oils. W. Fahrion 

(ZeU. angew. Chem., 1898, 781-785).— From 2 to 3 grm. of the oxid- 
ised oil are saponified with 10 c.c. of 8 per cent, alcoholic potash on 
a boiling water-bath. The alcohol is evaporated, the soap dissolved 
in hot water, and the solution decomposed with hydrochloric acid in a 
separatory funnel, shaken with 25 c.c. of petroleum spirit, and allowed 
to stand over night, when the liquid will separate into two clear layers, 
with a stratum of solid oxy-fatty acids at the line of junction. As the 
non-volatile acids are all contained in the petroleum layer, it is unnec- 
essary to again shake out the aqueous layer with petroleum spirit. 
After running off the lower liquid the petroleum layer is withdrawn 
from above, leaving the oxy-fatty acids in the funnel. If the quan- 
tity is considerable, it may enclose unoxidised fatty acids; and it is 
therefore advisable to dissolve the mass in a dilute solution of soda or 
ammonia, and repeat the treatment with petroleum spirit after acidi- 
fying with hydrochloric acid. 

The united petroleum spirit extracts are evaporated, and the resi- 
due, consisting of the unoxidised fatty acids and unsaponifiable matter, 
dried to constant weight (1). It is then dissolved in 26 c.c. of 90 
per cent, alcohol and titrated with seminormal alkali, the milli- 
grams of KOH being calculated on the original oil. The number 
thus obtained, which the author terms the "inner saponification 
value," furnished a measure of the non-volatile and unoxidised fatty 
acids. 

The neutral alcoholic solution is extracted with petroleum spirit, the 
extracts washed with alcohol, the petroleum spirit evaporated, and the 
residue of unsaponifiable matter dried *and weighed (2). 

The difference between (1) and (2) gives the quantity of non-volatile 
fatty acids, molecular weight of which can be calculated from*the inner 
saponification value. 
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The ozy-fattj acids left in the s^paratory fannel are dissolved in 
hot alcohol, the solvent evaporated, the residue dried to constant 
weight, ignited, the ash deducted, and the difference taken as the oxy- 
iatty acids (3) 

The sum of 1 + 3 gives the Hehner value. 

The following results were thus obtained with cottonseed oil and 
three oxidation products, which were prepared by exposing the oil on 
wash-leather for eight and twelve days, respectively. The leather was 
cut into fragments and extracted with cold petroleum spirit, furnish* 
ing products A and B. The second leather still contained a consider- 
able amount of product insoluble in petroleum spirit, which was 
subsequently extracted from it with cold ether (Bi). It was a thick 
yellow oil, soluble in alcohol. 





COTTOH- 
SBBD. 


A. 


B. 


B|. 


Jodioe Talae 


108-8 
2-2 

190-4 

186-9 

94-22 

MO 

0-27 

92-85 

278-1 

35-36<> 


55-4 
13-3 
223-1 
128*8 
85-34 
111 
20-70 
62-53 
276-2 


46-3 
13-8 

227-5 

128-9 

83-62 

1-28 

19-43 

62-91 

273-3 

46° 


29-1 
33-4 

271-3 
74-4 
74-20 
0-72 
37-72 
35-76 

269-1 

510 


Addvala* 

Bsponiflcation yslae 

Xnoer sapoDiflcstion value 


Hehner italae 

Unsapooifiable matter, per eest 

Oz j-iattj aotdSf per oent 


Non-Tolatile fatty aeids, per cent 

Motecular weight of fatty aoidi 

Melting-point of fatty adds 





With regard to these results, the author points out that the fact 
that volatile acids are produced during the oxidation process is shown 
by the decrease ia the Hehner and inner saponification values. The 
increase in the aMoooi af unsaponifiable matter in B is only apparent, 
since B and Bi are both fractions of the same oxidation products, and 
the greater proportion of unsaponifiable matter was removed by the 
preliminary treatment with petroleum spirit which gave B. 

The general conclusion arrived at on this point is that during the 
oxidation of fats and oils the unsaponifiable matter remains intact, and 
new substances are not formed from it. 

Unlike the oxy-fatty acids of liver oils (^Zeii, angew. Chem,^ 1891, 
643), those of cottonseed oil are completely soluble in ether. 

The foregoing method of analysis affords a means of examining the 
course of oxidation during the drying of linseed oil, and is also appli- 
cable to the examination of unoxidised fats and oils, as is seen in the 
following examples : — 
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OX-TALLOW. 


Olivb Oil. 


Rdttkb-fat. 


Saponification Talne, 


193*9 
193*8 
95*58 
0*11 
01? 
95-34 
2750 


188*4 
188-1 
95*25 
0*98 
0*18 
94-07 
2801 


225*9 
185-2 
87-50 
0-24 
014 
87*22 
263-7 


Inner nponifioation Talue , 


Hehner valae 

Unaaponiflable matter. •• • 


Oxy-Jktty aoids .,,,\ 

Non-volatile fattj aoids 


Molecular weight of Catty aoids 



From these results it is manifest that when, as in the case of tallow 
and olive oil, the tetal saponification and inner saponification values 
are nearlj identical, the amount of volatile or of ozy-fatty acids must 
be insignificant Butter-fat, on the other hand, by reason of its vola- 
tile acids, shows a considerable diflTerence (40*7) between the two 
values, and the Reichert-Meissl value (36*3 for 6 grm.) can be cal- 
culated from this difference. This calculated value is higher than 
the normal, owing to the fact that the Reichert value only represents 
a portion of the total volatile acids. 

Hehner and Mitchell (^Analyst, Dec, 1898) have made a num- 
ber of experiments confirming those of Hazura and others as to the 
oxidation and bromination products of linseed and other drying oils. 
As a result of these experiments the following method (given in sub- 
stantially their own words) is proposed for examination of these oils : — 

" When an oil, the fatty acids of which give insoluble bromo-com- 
pounds, is dissolved in ether or other suitable solvent, and bromine is 
added^ there is an immediate precipitate produced, which can be 
washed readily and efficiently. The precipitate can be collected 
either in a Soxhlet tube, if the quantity taken is small, or on a coun- 
terpoised filter, but we recommend the method employed for the esti- 
mation of stearic acid in mixtures of fatty acids (see page 250) ; but 
instead of filtering through cotton, we find the best filtering material to 
be thin, flexible chamois leather tied over the end of the small thistle 
funnel, from which any adhering precipitate can afterward readily be 
removed by washing. 

From 1 to 2 grm. of the sample are dissolved in 40 c.c. of ether, to 
which a few c.c. of glacial acetic acid are added, the precipitate form- 
ing being more granular from such a mixture than when ether alone 
is employed. The solution is cooled in an ice-chest and bromine 
added, the flask being preferably left all night in the ice. This, how- 
ever, is not essential for ordinary working. The liquid is filtered off 
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by the suction funnel attached to a pump, the flask washed out witk 
four successive portions of ether at 0^ C, and the residue dried in the 
flask to constant weight. Even when ether at ordinary temperatures 
is used, UQ considerable error is introduced. 

Varicras samples of pure linseed oil were examined by this method, 
with the following results: — 



A. ... 


Sample. 


Oil Taken. 
1-3226 


Weight Prectpx- 

TATB. 

0-3156 
0-7573 
01765 
0-2480 
0-2500 


Deposit. 
23-86 


A. .. 




3-1005 


24*42 


B 




0-6792 


25-8 


C... 
C... 




1-0000 
1-0000 


24*8 
25-0 



A sample of walnut oil gave, in two determinations, 1*9 and 1*42 
per cent, of bromocompound. Poppy oil gave no deposit, nor did 
Brazil nut oil, tnaize oil, cottonseed oil, olive oil, Japanese wood oil^ 
almond oil. Mixtures of linseed oil and other oils gave percentages of 
bromb-compound in proportion to the percentage of linseed oil, as will 
be seen from the following table : — 



Oils Used. 
Linseed A and Walnat 


Linseed Oil, 
Per Cent. 

60-0 
88-.2 
520 
50-5 
517 


Insoluble 
Bromide, 
Per Cent. 

166 
«-3 

12-4 

12-2 

12-6 


Linseed Oil, 

Calculated 

from Bromide. 

690 


Lii^'eed A and Midse Oil "..'!.! 

»9 ft . . . • . 
W M 


38-1 
50-8 
50-0 
51-6 



It will be seen from the above figures that the determination of the 
amount of the precipitate can usefully serve for testing the purity of 
unoxidisediinseed oil. More extended investigation as to the varia* 
tion in the proportion of the precipitate-yielding substance would, of 
course, be necessary, although as far as we have gone the variation 
appears to be small. 

Considerable interest is attached to the nature and composition of 
the insoluble bromo-compound. From its origin it cannot be iden* 
tical with the acid hexabromide ; this is also shown by its melting* 
point, which is from 143*5® to 144® C, against hexabromide (177® C, 
Hazura, 180® C, to 181® C, Hehner and Mitchell). If it were the 
hexabromo-linolenic ester, it would contain 6228 per cent, of bromine. 
It cannot be linolic tetrabromo-ester with 62'23 per cent, bromine, 
since maize oil does not furnish any insoluble compound, while the 
free acids readily yield large amounts of the acid bromo-derivative. 
We have made a considerable number of bromine determinations 
whicb gave remarkably constant results. In various preparations we 
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found 56-38, 65'7, 66-88, 56-82, 56-65, 66-17, and 56-32 per cent 
bromine. This percentage is too low for the bexabromo-ester and too 
high for the tetrabromo^compound. Dr. Streathfield, of the Finsbury 
Technical College, was kind enough to make carbon and hydrogen 
determination of a specimen of the material. Its ultimate composition 
was as follows : — 

Carbon 32-97 

Hydrogen 6-42 

Bromine 56*18 

Oxygen ». . 4*44 

Afh 0-99 

100*00 

Calculated for the ash-free material, the composition is as follows :-^ 

Carbon * 33'29 

Hydrogen 6'4S 

Bromine 66*74 

Oxygen 4*49 

10000 

We are inclined to attribute to the bromo-compound the formula 
CnHnOcBrii, which would require — 

Carbon 34*27 

Hydrogen 4*81 

Oxygen 4*81 

Bromine 56'11 

10000 

On account of its insolubility, the substance could not be purified 
by crystallisation. In addition, the presence of mineral matter, prob- 
ably derived from the oil itself, would tend to make deductions from 
the Jesuits still more uncertain. The percentage of bromine in tha 
substance strongly points towards a mixed bromo-ester, and we sug- 
gest, very tentatively, the following formula : — 

which, however, cannot be definitely accepted until a perfectly pure 
specimen has been examined. We are the more inclined towards a 
mixed formula, since the existence of such mixed esters has been fairly 
well proved in the case of butter-fat, and also because it is impossible 
to separate, even by recrystallisation persistently carried out, the 
stearin from palmitin contained in animal fats. When, on the other 
hand, the esters are broken up by saponification, the separation is 
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readily effected, and from the fatty acids separated from linseed oil a 
nearly pure hexabromide is readily obtained/' 

The following percentages of insoluble brominated compound were 
obtained from various oils : — 

Rape oU 09 

Mustard-husk oil 1*5 

Cod oil 42» 

CodliTeroil '. 55-5 

Sharkoil 22*0 

Whftleoil 260 



To page 289. 

The composition of a weighed residue consisting of sugar, glycerol, 
and neutral salts can be determined as follows, provided that both 
sugar and glycerol are present in reasonable proportion. Dissolve the 
residue in 9 times its weight of water— that is, use nine times as many 
0.C of water to effect solution as there are grams of residue. 
Ascertain the specific gravity of this solution, and then evaporate it 
to dryness, ignite the residue gently, moisten with acetic acid to re- 
convert any carbonate into acetate, dry at 100^, and weigh. Then 
dissolve the residue in such a quantity of water as will produce a 
solution of the same measure as that evaporated. Ascertain the 
specific gravity of this solution, and subtract it from that of the solu- 
tion of the original residue, when the difference will be that* due to 
the glycerol and sugar present As 10 per cent, of glycerol increases 
the specific gravity of water by 24*0 (water = 1000), apd 10 per 
cent, of sugar by 40*3, the proportion of each presentinlOOpofis of the 
reddue may be found by the following equations, in which g is the 
percentage of glycerol^ $ that of tugar, a that of neutrialised aah^ and 
d the difference between the specific gravity of the 10 per cent solu- 
tion of the original residue and that of tho solution of ash made up 
to the same volume: — 

40-3— -403 g — rf ^ .^ , ^ 

9 = — ; and « = 100— (a— y). 
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To page 113. 
O. Forster {Chem. Zeit., 1898, 421) baa devised an apparatus for 

eziradion with immiscible solvents, the construction of which is- shown 

in fig. 14. The cylinder A should bold 
about 1 liter. Two openings are not 
Ujecessary, since both tubes may pass 
through the same cork, but the arrange- 
ment shown is more convenient 600 c.c. 
of the soap solution as free as possible 
from alcohol are placed in the cylinder, 
300 C.C of ether added and the mixture 




Fig. 14. 

well shaken. The rest of the appa- 
ratus is then attached. The flask B 
has a capacity of 200 to 300 c.c. ; the 
ether in it is heated by a water-bath. 
The vapor passes by a into i, the 
condensed liquid flows to the bottom 
of A and rises through the soap solu- 
tion, the upper layer of ether returns 
through c into B. The tube c should 
not extend into the liquid in B. A 
small quantity of aqueous liquid may 
collect at intervals in B and should 
be removed. The ethereal solution 
will require four or five washings 
with water, to remove dissolved soap. 

will remove all but traces of cholesterol from a stearin soap by four 
hours' extraction. 




Fio. 15.— Kjbldahl Apparatus. 
(See next page.) 

It is Stated that the apparatus' 
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H. Bremer (Zeitschr. f, Unter. d, Nahr, u, Oenuas) has described a 
new apparatus for the determination of nitrogen by the Kjeldahl method 
(fig. 15). The same flask is used for the digestion in hot sulphuric 
acid as for the distillation, thus obviating the necessity of transferring 
from one to another. The flask is of about 250 c.c. capacity and has 
a long neck 35 mm. wide. The digestion in this flask is said to occupy 
scarcely any longer time than in the flask usually employed for the 
purpose. As soon as the digestion is completed^ the flask is cooled and 
attached to the rest of the apparatus as shown in the figure. The 
soda solution is introduced through the funnel and the distillation 
carried by means of a current of steam. The apparatus can also be 
used for the determination of ammonia by distillation with magnesia 
or barium carbonate. 
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Absorption speotni, 26 
Acetic acid as a solvent, 40, 121 
Acetyl value, 66, 245 
Acid, arachidio, 134, 232 

oscllic, 233 

bebeDio, 232 

brassa'idic, 233 

brasaio, 233 

capric, 232 

caprylio, 232 

oarnaiibic, 232 

cerotio, 213, 232 

dataric, 232 

doeglaHic, 233 

doeglio, 233 

elaidic, 233, 261 

eleomargaric, 234 

eleostearjc, 234 

erucaKdio, 233 

orucic, 233 

gaidio, 233 

hjenic, 232 

bypogeic, 233 

■ isooetic, 232 

isoleic, 233 

isoliuolenic, 234 

isorioinolic, 234 

jeeoleic, 233 

laurio, 232 

lignooerio, 232 

Hnolenio, 234 

linolio, 147, 234 

— — melissic, 214, 232 

myriatio, 232, 242 

nondccatoio, 232 

oleic, 233, 258 

palmitic, 232, 252 

polargonic, 232 

physetolcic, 233 

rapio, 233 

ricinolaYdic, 234 

rioinolic, 156, 234 

ricinolsulphurio, 159 

sebacic, 260 

stearic, 232, 250, 255 

salpholeio, 266 

tanric, 234 

tridccatoic, 202 

umbollulic, 232 

Acids of acetic scries, 232 

of linolonic series, 234 

— — of linolio series, 234 
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Acids of oleic series, 233 

of ricinolic series, 234 

fatty, 104 

in oils, 104 

• resin, 1 05 

Alcohol, cety I, 210 

dodecatyl, 204, 208, 209 

myricyl, 214, 228 

Alcohols, higher, separation of, 115 

from bottlenose oil, 208 

from camaiiba wax,* 228 

from spertn oil, 852, 353 

from spermaceti, 210 

Alixarin oil, 150 
Alkali-glycerol process, 61 
Almond oil, 130 
Analytic daU for oils, 91-102 
Animal fats, saponification of, 48 
Arachidio acid, estimation of, 134 



Ballibtite, 338 
Base 011,71,229 
Becchi's test, 142 
Beeswax, 32, 38, 55, 102, 212 
Bishop's test, 70 
Blasting gelatine, 338 
Blown oil, 71,229 
Bone fat, 99 

oil, 98 

Brazil wax, 102 

Bromine-absorption, 62. 65, 372 
— thermal value of, 80 
Brown grease, 357 
Butter, 181 

cacao-, 96, 164 

coconut, 97 

coloring matter of, 184 

dika, 96 

ewes', 181 

factitious, 184 

galam, 96 

goats', 181 

mace, 96 

mabwah, 96 

nutmeg, 96 

porpoise, 180 

salt in, 182 

shea, 96 

water in, 182 

Butter-fat, 178 
acids of, 179 
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Batter-fat, constitation of, 180 

proportion in batter, 184 

refnictometer testa of, 193 

Butyrorefractometer, 76 



Cacao-butter, 06, 164 

Carbolio moid soap, 280 

CarnaUba wax, 102, 221, 222, 227, 228 

Castor oil, 05, 156 

Cerolein, 218 

Ceryl oompoonds, 45, 353 

Cetin, 200 

Cetyl alcohol, 200, 353 

palmitate, 45, 200 

Chinese wax, 06 
Cholesterin, 347 
Cholesterol, 847 

ISO-, 350 

Cholesteryl esters, 348 

Classifioation of fats, oils, and waxes, 87 

Cloth oils, 360 

Coconut oil, 07, >66 

olein, 167 

soap, 273 

stearin, 167 

Cod oil, 100, 122, 105 

liver oil, 100, 122, 105 

Cohesion figare, 26 
Colophony, 106 

in beeswax, 223 

Color-reactions of oils, 84 

with nitric acid, 86 

with Rulphuric aoid, 84 

Colza oil, 02, 135 
Cordite, 338 
Cottonseed blue, 140 

oil^ 03, 140 

stearin, 06, 141, 143 

Croton oil, 05, 160 



Dboras, 362 
Determination of oils, 20 

former, 363, 365 

Diphenylamine heat test, 345 

Distilled grease, 362 

Dodecatyl compounds, 45, 704, 208, 200, 

353 
Doegling oil, 33, 41, 100, 122, 207 
Dripping, 55, 186 
Dryers, 150, 153 
Drying oils, 68 
Dynamite analysis, 337, 330 
composition, 338 



Ego oil, 105 

Elai'din test, 81 

Elaine, 369 

Expansion coefficient, 32 

Extraction apparatus, 20, 381 

of oils, 19 

Exudation tests, 345 



Fat, bone, 00 

batter-, 00 

horse. 00 

recovered, 00 

ansaponified, in soap, 279 

wool-, 00 

Fats, animal, sa}>onification of, 44 

constitution of, 42 

melting points of, 34 

solidifying points of, 34 

specific gravity of, 31, 32 

Fatty acids, 231 

acetyl values of, 245 

combining weights of, 238 

determination of, 236 

free, in oils, 44, 104 

general reactions of, 235 

Heins's method, 241 

higher, 231 

insoluble, 51 

iodine absorptions of, 248 

liquid, 246 

lower, 50 

melting points of, 238, 230 

recognition of, 236 

separation of, 240 

from resin acids, 105, 252 

from soap, Ac, 252 

solidifying point of, 238, 330 

soluble, 50 

specific gravity of, 238 

toble of properties of, 232-234 

titer test, 230 

volatile, 50 

Fixed oils and fats, 17 

absorption -spectra of, 26 

action of heat on, 23 

action of light on, 22 

action of, on metals, 44 

bromine-absorptions, 62,'65,'122, 872 

bromine thermal value of, 80 

classification of, 87 

coefficients of expansion of, 32 

cohesion-figures of, 26 

oolor-reactions of, 84, 86 

constitution of, 42 

detection of resin in, 105 

determination of, 10 

drying properties of, 68 

elaidin-test for, 81, 128 

extraction and purification of, 10 

foreign matters in, 103, 117 

free fatty acids in, 43, 104 

general characters of, 17 

hydrocarbon in, 111 

identification of, 116 

-• iodine-absorptions of, 63, 121, 122 

• melting points of, 34 

*— mineral acids in, 104 

oxidation of, 68, 229 

products of saponification of, 46 

proximate analysis of, 44 

purification of, 22 

relation of, to solvents, 40 

— ^ resin in, 1 05 
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Fixed oils and fats-— 

— saponifloatioa of, 49, 60 

saponifioation-eqnivaleiits of, 53 

soap in, 105 

solidifying points of, 34, 38 

solubility in acotio aoid, 40, 121 

spooifio grayitj of, 28, 31, 119, 12a- 

temperatare-reactions of, 70, 120, 121 

turbidity of aoetio solution of, 40, 121 

viscosity of, 57 

Tolatile adds from, 50, 59 

Fluorene, 517, 518, 524, 526 

Fluorescence, 111 

Foreign matters in oils, 52, 103, 117 



Oblatimk, blasting, 338 

dynamite, 338 

Glycerin, 302 
Glycerol, 802 

commercial, 319 

assay of, 321 

detection oP, 305 

determination of, 307, 313 

esters, 305 

' for medical use, 332 

for nitroglycerin, 330 

in soap, 288, 380 

in soap-lyes, 319 

isolation of, 310 

proportions formed, 45, 47, 3^8 

specific gravity of, 308, 309 

volatilisation, 303, 312 

yield by saponification, 47, 118 

Goose-fat, 55 



Hakb-liybr oil. 198 

Halphen's test, 143 

Heat test for nitro-explosives, 340 

Higher fatty acids, 231 

HUbl's iodine process, 63 

Hydrocarbons, detection, 111 

esUmation, 112 

Hydroxylinolin, 150 

Idbhtifioation of oils, fats, and waxes, 116 
Iodine-absorptions^ 63 



Japah wax, 97, 168 



Kjbldahl method, 381 
Koettstorfer's process, 53 



Lanolik, 361 
Lard, 99, 173 

oompoond, 99 

oil, 98, 177 

Lanrin, 54 
Lead-plaster, 268 
Ling-liver oil, 122 
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Linolates, 14& 
Linolic acid, 147, 23<« 
Linolin, 45, 54, 147 
Linoxyn, 150 
Linseed oil, 94, 146 

boiled, 149 

oxidation of, 69, 149 

Liquefaction test, 345 
Liquid fatty acids, 246 
Livache's tost, 69 



Maize oil, 93, 144 
Margarine, 99, 184 
Manmene's test for oils, 76 
Melting points, 34 
Menhaden oil, 33, 40, 100, 123 
Mineral acids in oils, 104 
Moi^llen, 363 
Myricin, 214 
Myricyl alcohol, 214-228 



Nbatsfoot oil, 98, 194 
Nitric and color test, 86 
Nitro-explosives, 333 

tests for, 340 

Nitroglycerin, 333 

detection of, 334 

determination of, 335 

in dynamite, 33T 

Nutmeg butter, 96 



(Ekanthol, 157 
Oil, African fish, 201 

alisarin, 130, 159 

almond, 65/ 91, 130 

aprioot-kemel, 41, j^l, 132 

arachis, 91, 133 

base, 71, 229 

bassia, 96 

baybeny, 96 

beechnut, 93 

ben, 93 ' 

black mustard, 92 

blown, 71, 229 

bone, 98 

bottlenosc, 33, 41,-lOOi 122, 20T 

cabbage-seed, 92 

cacao, 96, 164 

camelina, 93 

castor, 95, 156 

caseline, 390 

— — Chinese wood oil, 95 

ooconut, 97, 166 

— cod. See Cod-liver 

cod-liver, 100, 122, 195 

oolsa, 92, 135 

com, 93, 144 

cottonseed, 93, 140 

oress-seed, 93 

croton, 95, 160 

curcas, 95 

dika, 96 
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Oil, doegling, 33, 41, 100, 122, 207 

dolphin, 101 

earthout, 91, 133 

egg, 196 

flnwed, 94 

gftlam, 96 

giDgili, 93, 146 

glonoin, 333 

grapeseed, 93 

bAke-Iiver oil, 87, 198 

bacelnot, 93 

hedge-muftard, 92, 140 

hempseed, 94 

berriDg, 87, 198 

honefoot, 98 / 

hydrocarbon, 110 

illipe, 96 

jambo, 92 

Japanese wood, 96 

lard, 98 

laurel, 97 

ling-liver, 122 

linseed, 94, 146 

boiled, 96, 149 

macassar, 97 

mace, 96 

mabwah, 96 

maize, 93, 144 

melonseed, 41 

menhaden, 33, 41, 100, 122 

mustardseed, 92 

neatsfoot, 98, 194 

nigerseed, 66, 94 

< natmeg, 96 

oat, 47 

olive, 91, 124 

kernel, 91, 130 

oxidised, 71, 229 

palm, 96, 161 

palm-kernel, 163 

palm nut, 163 

peach -kernel, 91 

peanut, 91, 133 

poppysced, 94 

porpoise, 100, 122, 202 

radisbseed, 92 

rape, 92, 136 

ray-liver, 199 

red, 369 

seal, 87, 100,198 

sesame, 93, 146 

shark-liver, 87, 100, 122, 198, 200 

shea, 96 

sk^-liver, 87, 100, 122, 198, 200 

sod, 362 

sperm, 101, 122, 204 

sprat, 87, 198 

sunflower, 93 

UUow, 98 

teaseed, 91 

teel, 93, 146 

tobaccoeeed, 94 

train, 201 

turkey-red, 130, 169 

— walnut, 94 



Oil, weldseed, 94 

whale, 87, 100, 122, 198, 20L 

white mustard, 92 

wild radishseed, 41 

Oils, cloth, 369 

determination, 20 

drying, 68 

extraction, 19 

filtration of, 23 

hydrocarbon in, HI 

marine animal, 100 

melting points, 34 

oxidation, 68, 369 

oxidised, 71, 229 

properties, 17, 26, 42 

punfication, 19, 22 

saponification, 44, 48 

spontaneous combustion, 36A 

solidifying points, 34 

temperature reactions, 76 

viscosity of, 27 

washing, with water, 23 

water in, 103, 174 

Oleates, 266 

Oleic acid, 233, 268 

commercial, 262 

separation of, 240 

Olein, 46, 64, 269 

coconut, 97, 167 

palm, 26, 163 

Oleine, 369 
Oleomargarine, 186 
Oleorefractometer, 72 
Olive oil, 91, 124 

kernel, 130 

Opium wax, 102 
Oxidation of oils, 68, 369 
Oxidised oil, 71, 229 



Paila wax, 102 
PalmiUtes, 264 
Palmitic acid, 232, 262 
Palmitin, 46, 64, 264 
Palm -kernel oil, 163 

nut oil, 163 

oil, 96, 161 

olein, 163 

Paraffin in beeswax, 219, 224 
Pe-la wax, 102 
Phytosterol, 361 
Porpoise oil, 122, 202 
Properties of oils, 26 
Purification of oils, 22 



Rape oil, 92, 136 
Recovered grease, 367 
Refractive power, 71, 78 
Reiobert-Meissl process, 69 
Reichert's process, 61, 68 

numbers, 68 

Resin acids in oils, 106 

in oils, 106 

in soap, 289 
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RieiDoUn, 45, 54, 156 
Rosin in oils, 106, 107 



Saponification, 44, 48' 

equivalent, 53, 56 

number, 53, 56 

Seal oil, 87, 198 

Sesame oil, 93, 145 

Shark-liver oil, 87, 198, 200 

Shea butter, 96 

Siccatives, 150, 151 

Skate-liver oil, 87, 100, 122, 198, 200 

Soap, alkali in, 291 

carbolic, assay of, 280 

fatty acids in, 290 

glycerol in, 288 

hydrocarbon in, 280 

in oils, 103 

manufacture of, 272 

—-— resin in, 107, 289 

sugar in, 288 

water in, 278 

Soaps, 270 

— action of water on, •279 

analysis and assay of, 276 

• commercial varieties of, 278 

composition of various, 29$ 

hard, 272 

marine, 273 

medicated, 275, 278 

soa, 272 

Sod oil, 362 
Solidifying points, 34 
Solvents fbr oils, 40 
Sozhlet's tube, 20 
Specific gravity, 28 

of oils, 31, 32 

temperature reactions, 79 

Sperm oil, 101, 122, 204 

Spermaceti, 102, 209, 221. 222 

Sprat oil, 87, 198 

Sprengel's tube, 29 

Stea rates, 256 

Stearic acid, 232, 250, 254 



Stearin, 09 

cottonseed, 96 

Suet, 186 

Suint, 99, 354 

Sulphur chloride test, 83 

Sulphuric acid color lest^ 84 



Tallow, 99, 170 

oil, 55, 98, 173 

Temperature reactions, 76 
Titer test, 37, 289 
Turkey-red oil, 130, 159 
Twitcheirs method, 107 



XJnbaponifiablb matter in oils, 49, 112 
200, 264, 351, 359 



Valbnta's test, 40, 121 

Valerin, 54, 203 

Viscosity of oils, 27 

Volatile fatty acids, 50, 59, 188, 203 



Wax, bees, 32, 38, 55, 102, 212 

camahuba, 228 

camaUba, 102, 22l, 222, 227, 228 

Chinese, 45, 96, 221, 222 

Japan, 97, 168, 221, 222 

myrtle, 97, 169, 221, 222 

opium, 102 

paila, 102 

pe-la, 102 

sperm, 102 

Waxes, constituUon of, 42 

liquid, 90 

saponification of, 44, 54, 55, 215, 219 

Whale oil, 87, 100, 122, 198, 201 
Wool fat, 354 

grease, 354, 357 

wax, 355 



YoRKSHiRx grease, 99, 357 
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